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ABSTRACT 


Progress  of  various  laboratory  and  field  studies  concerned  with  submersed 
aquatic  weed  problems  are  covered.  Results  sunciarized  are  considered  pre¬ 
liminary  and  not  conclusive  and  generally  require  furtner  investigation. 
Laboratory  culture  of  filamentous  algae  and  etlgaecidal  evaluation  techniques 
are  described,  including  results  of  evaluation  tests  on  compounds.  Results 
of  herbicidal  evaluation  tests  of  new  nerbicidai  compounds  and  specification 
perforcAnce  tests  of  arooaitic  solvent  herbicides  and  emulsifiers  are 
reported.  Repeated  applications  of  aromatic  solvent  treatm^iits  on  pondweeds 
are  shcsm  to  influence  tne  growth  and  production  of  porKiweed  vegetative 
propagules.  Tests  on  the  influence  of  water  quality  on  the  herbicidal 
effectiveness  of  aquatic  herbicide  acrolein  have  shown  negligible  effects 
on  pondweed  response.  Pondweeds  grown  and  treated  in  both  flowing  and 
standing  water  conibinatlons  were  studied  frcir.  the  standpoint  of  growth  and 
herbicidal  response  to  aromatic  scxvent  treatments.  Certain  plants  grown 
and  treated  in  flowing  water  e^chlbited  reduced  injury  to  pondweeds  as 
compared  to  that  produced  in  standing  water.  Boilsifying  agents  commonly 
used  for  dispersing  aromatic  solvent  aquatic  weed  killers  produce  greater 
emulsion  stability  in  hard  i^ater  than  in  soft  water.  Water  temperature 
does  not  affect  emu  si  on  stability'  to  any  great  extent.  A  pelletized 
herbicide  prepared  b>'  adding  a  herbicide  to  a  vix\yl  resin  solution  shows 
prac.lse  of  riavlng  a  longer  period  of  effectiveness  on  sago  pondweed  than 
unpelletized  material  in  an  aquatic  soil  treatr-ent.  Techniques  for 
on-site  saxrpling  of  soil-water  in  caiuil  soils  and  subsequent  ticroanalytical 
analyses  for  oxygen  content  have  been  evaluated.  Preliminary  results  '''f 
soil-water  oxygen  content  were  obtained  from  irrigation  canal  field  study 
sites. 

DESCRIPTORS — »aigae/  *aquatic  weeds/  *dis,.ersing  agents/  *water  quality/ 
weroulsioiV  *aromatic  solvent/  *temperature/  *herbicides/  soil  treatment/ 
toxicity/  weed  control/  cultures/  *ecology/  dissolved  oxygen/  *limnology/ 
biology/  aquatic  life/  vinyl  plastics/  irrigation  04H'  *chenicai  analysis/ 
plant/  growth/  botany 

IDENTIFIERS— algaecidal  and  lierblcldal  evaluation/'  emulsion  stability/ 
pelletized  herbicides 
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INTRODUCTION 


Laboratory  aivl  field  investigations  conducted  on  biological  problems  are 
often  aidcly  diverse  and  deal  wltl.  many  types  of  aquatic  organiams  found 
in  the  aquatic  environmental  complex  of  irrigation  distribution  systems. 
Many  studies  and  tests  are  never  carried  beyond  an  exploratory  state 
because  of  lack  of  potential  indicated  in  preliminary’  results.  This 
report  covers  annual  pi^ogress  made  on  various  types  of  these  studies 
conducted  during  1963  as  sell  es  those  investigations  which  are  con¬ 
sidered  long  tent  and  are  not  sxjifficiently'  complete  for  conclusive 
interpretations. 

Aquatic  seed  control  field  investigations  covered  in  this  report  are 
conducted  cooperatively  with  various  Bureau  regions. 

Laboratory  studies  being  reported  are;  algaecidal  culture  and  evalua¬ 
tion  techniques;  results  of  preiimioiary  evaluations  of  selected 
aigaccides  and  aquatic  herbicides;  aromatic  solvents  and  emulsifiers 
used  to  disperse  these  solvent  herbicides,  effects  of  contact  herbicide 
applications  on  p orKlweed  prtpsgule  production;  certain  exploratory 
tests  dealing  with  aquatic  weed  response  to  herbicides  spilled  in 
varying  conditions  of  wster  quality;  comparison  of  pondweed  herbicidal 
Injury  produced  in  ccKblnatlons  of  static  arwl  flowing  water  situations; 
influence  of  wster  hardness  and  tenperature  on  the  stablll  iy  of  eirulsions 
produced  b>'  emulsifiers  commonly  used  to  disjerse  aromatic  solvents;  snd 
the  evaluation  of  laboratory  prepared  aquatic  herbicide  jellets  f  r 
aquatic  weed  control  through  soil  treatment. 


^Invest igaticais  of  the  Research  Division,  Bureau  of  Reclamation, 

U.S.  Dep'artment  of  the  Interior,  in  ocx?peratlon  with  the  Crops  Research 
Division,  Agricultural  Research  Service,  U.S.  Department  Agriculture, 
Denver ,  Col orado . 


Field  studie*  reported  are  those  concerned  with  certain  aspects  of  the 
aquatic  envlroniDent .  ^>ecificaliy,  these  concern  the  laboratory  and 
field  evaluation  of  a  technique  to  saa^le  azMi  detenoine  the  oxygen  con¬ 
tent  of  interstitial  water  fouixi  in  aquatic  soils.  Field  evaluations 
of  antifouling  coatings  for  prevention  of  algae  attachaent  to  carnal 
linings  were  continued  during  the  1963  irrigation  season.  These  data 
are  being  reported  in  a  separate  laboratory  report. 


3LWRY 

A  nuttber  of  techniques  for  the  laboratory  culture  of  certain  i^ecies  of 
filansentous  green  algae  have  been  evaluated.  These  included  both  altera¬ 
tion  of  the  aquatic  nutrient  Bedixan  ajwi  physical  enviroaiDent.  Culturing 
the  algae  in  an  inorganic  nutrient  solution  under  controlled  teBq;>erature 
conditions  of  70*  F  snd  150-2<^  ft-c  of  cool-white  fluorescent  light  on 
a  16-hour  photoperiod  was  found  to  be  bk.  jrt  rvccessful.  These  techniques 
are  being  used  for  the  routine  laboratory  culture  of  filamentous  green 
algae  species  Jsnown  to  Infest  water  of  irrigatimn  distribution  ay  stems. 
These  algae  are  used  in  laboratory  studies  of  slgaecidai  ccepound 
evaluations  and  control  measures. 

Procedures  have  been  developed  for  the  rcjfutine  evaluation  of  chemical 
coospoxindft  that  may  be  useful  in  controlling  or  suppressing  growth  of 
filamentous  green  algae  species  in  and  on  irrigation  etructuresc 
Techniques  for  performing  the  testa  are  reported.  The  results  of  pre- 
iimL'‘.Ary  evaluatioaa  on  30  compounds  are  given,  including  chemicals 
that  are  inorn  to  possess  good  algaecidal  properties  as  well  as  new 
cccDpounds.  A  few  of  these  newer  compound e  show  some  potent lal  for  use 
in  controllirg  the  filamentous  green  algae  species  tested. 

Laboratory  teats  or,  the  ptysical,  chemical,  said  or  biological  character 
of  aromatic  solvent  aquatic  herbicides  and  emulsifying  agents  used  to 
disperse  these  materlsls  in  irrlgatiixn  water  were  conducted.  The  results 
of  ^he  €  duatioDs  of  13  arometic  solvent-type  aquatic  herbicides  and 
5  new  emulaifiers  are  xsaported.  Most  of  the  solvent  herbicides  and  3  of 
the  emulsifiers  tested  weie  censidered  suitable  for  use  in  oontrolling 
suhsersed  aquatic  weeds  in  Irrigation  ^rtems. 

A  limited  number  of  zww  herblcidal  chemicals  was  evaluated  for  effective- 
nee#  in  controlling  rooted  submersed  aquatic  weeds.  A  few  of  these 
materials  shewed  tome  degree  of  herbicidal  activity  on  the  pemdweeds 
tested,  but  were  liot  considered  as  being  particularly^  promising. 

Studies  on  the  effects  of  repeated  aromatic  solvent  treatments  cm  the 
growth  and  production  of  pondweed  vegetative  propagxvles  were  conducted. 
Resulta  of  these  test#  indicated  that  theee  contact  herbicide  treitsiants 
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significantly  reduce  the  nui:.ber  and  size  of  vegetative  froyagu-les  pro¬ 
duced  by  the  rooted  aquatic  weeds.  Two  successive  treats^nts  were 
influential  in  causing  continued  reduced  ^  roducticn  of  the  vegetative 
propagule  potential  of  these  plant  pests,  hut  a  third  treatrjent  did  not 
further  influence  t.'.e  prs-duction  of  pr-x  a,,  ule  nunbers. 

Tests  were  cade  evaluatirig  th.e  influonce  of  varying  water  quality  on 
tioe  herbicidal  effectiveness  o.  the  aquatic  herbicide  acrolein  on  pondweed 
species.  Results  snow  tiiat  unde,"  laboratory  test  conditions  differences 
in  water  hardness  and  alkalinities  had  little  influence  on  the 
phytotoxicity  of  the  corrpouna. 

Rooted  pondweed  species  w^re  cultured  and  treated  under  conditions  of 
both  flowing  and  standing  water  in  a  greenhouse  study  to  evaluate  the 
influence  of  water  iroveirient  on  the  growth  and  herbicidal  response  of 
these  weed  plants  to  arocatic  solvent  treatrants.  Flowing  water  treat- 
aents  were  perforn.ed  in  a  aodel  test  canal  fabricated  to  provide  con- 
tiiiuous  flowing  water.  Results  of  preliminary  studies  indicate  that 
pondweeds  grown  in  flowing  water  sire  less  susceptible  to  injury  from, 
aronatic  solvents  than  those  grown  in  static  water,  plants  grown  in 
static  water  showed  less  injury  when  treated  in  flowing  water  than  tx*ose 
treated  in  standing  water.  These  data  show  possible  iniportance  of 
treating  pondweeds  in  a  flowing  water  situation  in  herbicidal  evaluation 
tests  of  aromatic  solvent  compounds  for  specification  ;  erfonmance  tests 
prior  to  field  use. 

A  series  of  tests  were  conducted  on  four  emulsifying  agents  in  both  soft 
and  hard  water  and  at  four  different  water  te)mi.;eratm’es  to  determine  the 
effects  of  water  temperatui'e  and  hardness  on  emulsion  stability.  Ir 
general,  the  3njuJ8ifiers  produced  considerably'  more  stable  emulsions  in 
hard  water,  while  the  water  temperature  did  not  affect  stability  in  roost 
cases.  Or^e  emulsifier  at  the  2  percent  level  produced  very  good  emulsion 
stability  in  botii  soft  and  hard  water  and  at  all  water  temperatures. 

An  Investigation  was  initiated  to  determine  the  merits  of  pelletized 
aquatic  herbicide  formulations  prepeu'ed  by  miixing  the  herbicides  into  a 
vinyl  resin  solution  for  treatment  of  aquatic  soils.  In  one  series  of 
testa,  Ihe  results  indicated  that  the  pelletiaed  formulation  increased 
the  period  of  herbicidal  effectiveness.  On  the  basis  of  these  limited 
data,  further  studies  ore  underway  to  fully  evaluate  the  potentials  of 
this  resin  for  giving  controlled  release  of  the  herbicide  in  aquatic 
soils  for  a  more  efficient  utilization  of  the  phyto toxicant. 

A  technique  for  on-slte  saxipllng  of  aquatic  soil-water  for  subsequent 
roicroanalysis  determinations  of  dissolved  ojQ^gen  content  has  been  evalu¬ 
ated  and  found  to  produce  leliable  restilts.  Study  of  the  soil-oxygen 
content  of  aquatic  soils  and  its  possible  relationship  to  rooted  aquatic 
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we«d  growth  has  been  suggested  by  findings  irAde  from  the  field  study  of 
aquatic  enviroiuaents.  A  preliaineiry  survey  of  interstitial  oxygen  in 
canal  soils  was  made  in  irrigation  canals  of  California  and  Colorado. 
Results  of  these  tests  indicate  that  soil  oxygen  is  fairly  high  in  the 
first  3  inches  of  a  submersed  canal  soil.  I^esent  data  are  too  preliiai- 
lujry  to  slew  the  possible  relationship  between  soil  oxygen  and  pondweed 
growths.  A  detailed  description  of  soil-water  sampling  techniques  and 
the  Biicroanalytical  method  for  dissolved  oxygen  content  are  given  in  the 
appendix  of  this  report. 


LABORATORY  STUDIES 

Laboratory  Culture  of  Filamentous  Green  Algae  for  Use  in  Algaecidal 
Evaluationa 

Attached  filamentous  green  algae  present  serious  operational  problems 
to  water  distribution  systems.  Extensive  growths  of  attached  algae 
filaments  seriously  reduce  the  capacity  of  concrete-lined  canals  and 
other  Irrigation  structures.  Colonies  of  the  filamentous  algae  also 
create  difficult  problems  in  unlined  irrigation  canals  by  breaking  loose 
from  the  attaching  medium  and  clogging  siphon  tubes,  fouling  trash  racks 
and  pump  irdets,  and  increasing  water  flow  resistance  by  being  caught  on 
rooted  submersed  weeds.  Because  of  the  extensiveness  of  the  algae  prob¬ 
lems  on  Bureau  projects,  a  laboratory  algaecidal  evaluation  program  has 
been  Initiated  as  part  of  the  overall  weed  control  research  program. 

Laboratory  evaluation  of  potential  algaecides  requires  a  reasonably 
uniform  and  cozrtinuing  s\q)ply  of  plant  material  in  which  only  a  few 
typical  algae  species  are  represented.  During  the  past  year,  emphasis 
has  been  placed  on  in^rovlng  laboratory  culture  techniques  for  growing 
and  maintaining  these  plants.  Unlike  the  rooted  vascular  aquatic  weeds, 
which  are  adiqpted  to  a  wide  range  of  growth  conditions,  many  filamentous 
green  algae  species  are  quite  specific  In  their  envlronmeirtal  requirements. 
In  general,  filamentous  green  algae  derive  most  of  their  required 
nutrients  from  inorganic  sources,  but  laboratory  experience  has  shown  that 
soBie  q^ecies  apparently  require  either  vezy  specific  physical  environments 
or  respond  to  some  heterotrophlc  condition  occurring  in  the  environment. 

The  easiest  approach  to  culture  of  filamentous  algae  is  to  merely  use  the 
soil-water  culture  medium,  such  as  using  algae  grovli^  In  association  with 
higher  aquatic  plants  in  greenhouse  culture  aquaria.  A  refinement  of  this 
technique  is  described  by  Pri-ngshelm  (1).»  This  source  of  filamentous 


^Numbers  in  parentheses  refer  to  literature  cited  at  the  end  of  the 
report. 
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green  algae  nae  been  used  occasionally  in  the  laboratory,  but  found  to 
be  lacking  in  reliability  for  algaecidal  evaluation  purposes.  Algaecidal 
test  results  eure  seldom  reproducible  when  these  cultures  were  used.  The 
complication  of  multiple  algae  type  associations  makes  interpretation  of 
injury  difficult. 

To  improve  the  quality  of  algae  culture  in  the  laboratory,  a  number  of 
nutrient  solutions  and  culture  tecliniques  were  evaluated.  Unfortunately 
most  of  txie  successful  laboratory  culture  of  algae  described  in  the  lit¬ 
erature  has  been  with  either  unicellular  green  or  blue-green  forms. 

Seldom  are  the  filamentous  green  ^ecies  referred  to  in  investlgaxions 
of  algae.  This  may  well  be  due  to  the  difficulty  in  handling  the  masses 
of  intertwined  filamentous  structures  and  possibly  a  coniplete  lack  of 
success  in  growing  these  filamentous  algae  under  ayTithetic  conditions. 

A  number  of  culture  solutions  and  diff''ring  environments  hjive  been 
evaluated.  Algae  ^ecies  used  in  these  tests  are  those  filamentous 
green  types  known  to  commonly  exist  in  irrigation  canals,  including 
^ecies  that  attach  to  solid  substrate  in  flowing  water.  These  cultures 
occasionally  contain  a  few  tinlcellular  green  and  blue-green  types  as  well 
as  some  filamentous  blue  greens.  The  difficulty  ana  time  required  in 
producing  and  maintaining  aseptic  cultures  do  not  appear  warranted  for 
these  algaecidal  evaluation  testa.  A  mixture  of  species  in  these 
laboratory  cultures  would  be  more  c<xnparable  to  the  complex  algae  species 
associations  generally  found  in  naturcd  situations.  The  algae  ^ecies 
used  in  these  tests  were  primarily  Oedoeonium  spp,,  Rhizoclonium  app., 
Cladophora  spp,,  and  occasionally  Spirog/ra  spp.  in  mixed  association 
with  a  limited  representation  of  numerous  other  algal  types,  such  as 
unidentified  diatoms,  Oscillatoria  spp.,  Anabena  spp.,  and  ftydrodiclvon 
spp. 

One  of  tx;e  Initial  culture  solutions  used  was  tl^iSt  described  by 
Krauss  (2),  whicXi  is  a  modification  of  Afeyers  nutrient  solution  utilized 
for  the  culture  of  Chlorella.  Filamentous  green  algae  grown  in  tiiis 
nutrient  medium  exhibited  considerable  variability  in  rate  of  growth 
and  periods  of  survival. 

Piiysical  conditions  of  the  cxiltxire  environment  were  altered  a  number  of 
ways  in  attempts  to  improve  the  growth  rates  when  using  the  modified 
Meyers  nutrient  solution.  This  included  laboratory  auiblent  teniperatures 
ranging  from  70*  to  90*  F,  as  well  as  constant  temperatures  of  60*  and 
70*  F  in  a  growth  chamber.  Cool-white  fluorescent  illumination  was 
varied  from  approximately  50  ft-c  to  700  ft-c  on  a  16-liour  photoperiod. 
Aeration  of  the  culture  solutions  was  attemited  using  low  volumes  of 
compressed  air,  bubbled  through  the  water  contained  in  1-quart  or 
1-gallon  glass  culture  vessels.  Pure  cc»i5)re88ed  carbon  dioxide  was  also 
metered  into  the  culture  solutions  in  certain  teste.  The  evaluation  of 
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dUficess  of  d  culture  envlromient  wee  generally  limited  to  eDplrlcal 
observtticHQ  of  growth  rate  longevity  of  a  healthy  green  culture. 

Observatione  of  results  indicated  that  constant  temperatures  of  70*  F 
under  approximately'  100  ft-c  of  cool-^hite  fluorescent  illumination  for 
a  16-hour  photoperiod  produced  optliDum  conditions.  Bubbling  of  air  or 
CO2  into  the  culture  vessel  appeared  to  do  little  to  ioprove  culture 
growth,  A  considerable  decline  in  solution  pH  was  observed  when  tislng 
CO2,  producing  pH  values  ranging  from  to  6.2.  then  CO2  was  added 
intermittently,  the  pH  was  lowered  to  4.9.  Carbon  dioxide  was  metered 
into  the  solutions  at  the  rate  of  about  5.4  liters  per  hour.  Qum&ert 
et  al  0)  reported  the  use  of  a  1-percent  C02*^ir  mixture  at  the  rate  of 
about  550  liters  per  hour  in  mass  algae  culture  vessels.  At  this  rate 
the  C02-air  mixture  would  ipply  carbon  dioxide  at  a  rate  comparable  to 
that  i^roduced  In  the  above  tests.  Varices  other  authors  report  that 
a  5-percent  mixture  of  CO^  wnd  air  are  optimum  and  that  toxic  ^mptc^s 
have  been  observed  when  pure  CO2  is  Introduced  directly  into  the 
nutrient  solution.  These  COg-alr  mixtures  have  not  been  evalxiated  to 
date  in  Denver  laboratory  tests. 

Successful  algae  cultures  appear  to  proceed  into  a  log  phase  of  growth 
soon  after  being  placed  in  nutrient  solutions.  Considerable  variability 
between  cultures  has  been  obsei*ved,  suggesting  the  possible  need  for 
additional  chsadoal  or  organic  cooplexes  that  might  occur  in  natural 
situations.  Cultures  normally  developed  within  about  3  to  6  weeks 
fill  the  top  one-third  of  a  culture  vessel  and  then  growth  rates  subside. 

Mschlls  (4)  reported  that  certain  Oedogonium  q>ecles  could  be  cultured 
more  efficiently  by  the  addition  of  vitamin  B12  a:  d  possibly  an  unknown 
growth  factor  obtalxied  from  a  water  extraction  of  autoclaved  topsoil. 
Various  nutrient  solutions  were  used  by  liachlls  in  this  paper.  A  pre¬ 
liminary  evaluation  of  yachlis'  techniques  was  tried  using  the  modified 
lleyer  nutrioit  solution  described  earlier.  The  suggested  growth  factor 
was  prepared  by  aiitoclavlng  appzxuclmately  ^,000  grams  of  locally 
available  topsoil  covered  with  1,500  ml  of  distilled  water  for  15  min¬ 
utes  at  121*  C  and  15  pounds  pressure.  The  extract  was  then  decanted 
and  filtered  through  a  bacteriological  filter.  Culture  containers  were 
12-liter  plastic  baskets  inoculated  with  a  laboratory  culture  of 
Oedogonium.  Very  little  isprovement  in  the  cultures  was  observed  by 
the  addition  of  the  soil  extract.  Probably  the  soil  that  was  used  by 
llsohlls  contained  some  compound  or  micro-organism  that  did  not  occur  in 
the  soil  used  in  our  tests.  Cultures  grown  in  solutions  containing 
vitsmln  B12  did  produce  slight  improvssMnts  in  growth  rates. 

The  most  successful  nutrient  solution  that  has  been  evaluated  for  the 
culture  of  Oedogonium  spp.,  Rhlsoclonium  qpp.,  Cladophora  spp.  and 
Hvdrodictyon  ^pp.  is  one  used  by  the  U.S.  Public  Health  Service  at  the 
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Taft  Engineering  Center,  Cincinnati,  Ohio  (5).  This  is  a  modification  of 
Chu's  No.  10  nutrient  medium.  The  formulation  of  this  solution  is  given 
in  Table  1. 


Table  1 


NUTRIENT  SOLUTION  USED  FOR  LABQRATQRY  CULTURE 
OF  EUAMENrgJS  GREEN  ALGAE _ 


Chemical 

Qrams/500  ml  water 
for  stock  solutions 

Ca(N(>})p*4HpO 

2.9 

K2HPO4 

0.5 

MgS0/'7H20 

1.25 

Na2G<^ 

1,00 

Na2Si03-5H20 

2.20 

Ferric  citrate 

0.175* 

Citric  acid 

0.175* 

»Made  iq)  as  one  solution  and  refrigerated  when 
stored. 

Nutrient  solutions  for  algae  culturing  are  made  by  using  10  ml  of  each 
stock  solution,  made  iqp  to  1  liter  in  laboratory  tapvater.  The  pH  of 
these  solutions  ranges  from  9  to  10.  A  constant  pH  of  8  can  be  maintained 
by  the  use  of  the  buffer  Tris  (hydroixymethyi)  aminomethane  (pH  7-9)  at  the 
rate  of  1  gm/liter  of  nutrient  solution. 

Laboratory  tests  were  established  to  evaluate  this  nutrient  solution 
under  various  environmental  conditions,  pH  ranges,  and  with  various 
additives.  The  soil  extract  additive  was  prepared  and  added  at  the 
same  concentrations  as  previously  discussed.  Vitamin  fil2  was  included 
in  certain  combinations  at  the  rate  of  1  part  per  billion  (ppb)  v/v 
with  the  nutrient  solution.  The  lower  pH  values  were  obtained  by  adding 
0,996  gms  of  K2HPQI4  and  0,530  gms  of  KH2PQ4  liter  of  nutrient 

solution.  Results  of  ti  ese  tests  are  given  in  Table  2. 

Cultures  grown  in  the  nutrient  solutions  with  lower  pH  values  from  7.5 
to  7.8  did  not  develop  well  and  in  some  instances  toxicity  was  indicated. 

A  solution  pH  of  9.5  appeared  to  be  optimum  for  these  species  under  test 
conoitlons  used.  There  did  not  appear  to  be  a  great  difference  between 
cultures  grown  in  constant  temperature  of  70*  F  and  the  one  with  teBq;>erii- 
tures  ranging  from  68*  to  82*  F.  However,  these  cultures  were  maintained 
for  a  few  weeks  after  the  observation  date  and  ambient  temperatures 
exceeded  85*  F.  At  this  time,  all  cultures  exhibited  rapid  decline  in 
vigor.  The  addition  of  soil  extract  growth  factor  and  vitamin  BI2  did 
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RESULTS  OF  CULTURING  Oedogoolum  spp,  IN  MODIFIED  CHU  NO.  10  INORGANIC  NUTRIENT 
SOLUTION  WITH  VITAMIN  B12  AND  SOIL  EXTRACT  ADDITIVES  UNDER 


VARIOUS  CONDITIONS  OF  TEMPERATURE  AND  pH  RANGES 
Replicated  Tssts  Made  In  Culture  Vessels 


Culture  solution 

pH  of 
culture 
solution 

Culture 

temperature, 

•f 

and  aquaria 
location 

Ft-c  of 
cool-vhlte 
fluorescent 
16-hr 

photcoeriod 

Condition  of  algae 
cultures  at  the  end 
of  a  3 -week  period 

Inorganic  nutrient  solu¬ 
tion  In  tsqpvater 

9.5 

68-82*, 
groen  on 
laboratory 
bench 

150-250 

Culture  densely 
green,  continued 
filament  groath 

Inorganic  nutrient  solu¬ 
tion  and  soil  extract 
In  tapxater 

9.3-9. 5 

68-82*, 
grcwn  on 
laboratory 
bench 

150-250 

Culture  densely 
green,  continued 
filamrat  groath 

Inorganic  nutrient  solu¬ 
tion,  soil  extract, 
and  1  ppb  v/v  of 
vitamin  B12  In 
tapeater 

9.3-9. 5 

68-82*, 
groan  on 
laboratory 
bench 

150-250 

Culture  densely 
green,  continued 
filament  groath 

Inorganic  nutrient  solu¬ 
tion  and  1  ppb  v/v  of 
vitamin  B12  In 
tapvater 

9.5 

68-82*, 
groan  on 
laboratory 
bench 

150-250 

Culture  densely 
green,  extensive 
amount  of  filament 
groath 

Inorganic  nutrient  solu¬ 
tion  In  tapvater 

9.5 

70*,  con¬ 
tinuous  In 
controlled 
growth 
chamber 

150-250 

Culture  densely 
green,  continued 
filament  groath 

Inorganic  xmtrlent  solu¬ 
tion  and  soil  extract 
in  tapvater 

9.3-9. 5 

70*,  con¬ 
tinuous  in 
controlled 
grorth 
chamber 

150-250 

Culture  densely 
green,  oontintied 
filament  groath 
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Table  2— Continued 


Culture  solution 

pH  of 
culture 
solution 

Culture 

teoperature, 

•f 

and  aquaria 
location 

Ft-c  of 
cool-white 
fluorescent 
16-hr 

Dhotoneriod 

Condition  of  algae 
cultures  at  the  end 
of  a  3 -week  period 

Inorganic  nutrient  solu¬ 
tion,  soil  extract, 
and  1  ppb  v/v  of 
vitamin  B12  In 
tapvater 

9J-9.5 

70*,  con¬ 
tinuous 
in  con¬ 
trolled 
growth 
chamber 

150-250 

Culture  densely 
green,  limited 
amount  of  filament 
growth 

Inorganic  nutrient  solu¬ 
tion  and  1  ppb  v/v  of 
vitamin  B12 

9.5 

70*,  con¬ 
tinuous  in 
controlled 
growth 
chamber 

150-250 

Culture  densely 
green,  limited 
amount  of  filament 
growth 

Inorganic  nutrient  solu¬ 
tion  In  tapvater 

7.6 

od-82*, 
grown  on 
laboratory 
bench 

200-300 

Culture  shoving  con¬ 
siderable  duorosis 
and  filaments 
disintegrating 

Inorganic  nutrient  solu¬ 
tion  and  soil  extract 
in  tapvater 

7  7-7.8 

68-82*, 
grown  on 
laboratory 
bench 

200-300 

Culture  green,  very 
limited  filament 
growth 

Inorganic  nutrient  solu¬ 
tion,  soil  extract, 
and  1  ppb  v/v  of 
vitamin  B12  in 
tapvater 

7. 7-7. 8 

68-82*, 
grown  on 
laboratory 
bend. 

200-300 

Culture  green,  mod¬ 
erate  amount  of 
filament  growth 

Inorganic  nutrient  solu¬ 
tion  and  1  ppb  v/v  of 
vitamin  B12  in 
tapvater 

7.5 

... 

68-82*, 
grown  on 
laboratory 
bench 

4 

200-300 

Culture  siicwing 
chlorosis  and 
filaments 
disintegrating 
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In  certain  inatances  slightly  luprove  the  grovtli  of  the  filaiDents,  but 
not  aufflclently  greater  to  warrant  routine  use  of  these  additives  to 
the  Inorganic  nutrient  medlun. 

Recently  teats  were  made  by  culturing  the  previously  mentioned  algae 
In  the  modified  Cbu  nutrient  solution  at  constant  temperature  of  60*  F. 
These  cultures  all  remained  healthy  and  densely  green,  but  filament 
growth  was  very  sloe. 

Results  of  these  st\idles  Indicate  that  the  filamentous  green  algae 
q>ecles  tested  grew  best  In  the  modified  Chu  No.  10  nutrient  soluticm 
made  iq)  in  theater  and  placed  in  an  environment  of  150  to  200  ft-K:  of 
cool-ehlte  fluorescent  light  at  70*  to  80*  F.  These  conditions  have 
been  selected  for  routine  culture  of  algae  for  algaecldal  evaluation. 
Experience  has  shown  that  healthy  cxiltures  can  be  maintained  up  to 
4  months  in  the  initial  nutrient  solution  by  occasional  addition  of 
20  ml  of  calcium  nitrate  stock  solution  to  the  l-gallon  glass  culture 
vessel,  after  which  time  the  nutrient  solution  must  be  replaced. 

FVu'ther  Investigation  will  be  continued  in  an  atteupt  to  ijiprove  the  rate 
of  algae  cell  division.  Occasionally  a  culture  will  si^denly  decline  and 
die.  Also,  considerable  variability  has  been  noted  in  the  rate  at  which 
various  cultures  develop  and  the  total  time  they  remain  in  the  log-growth 
phase.  Reasons  for  these  differences  are  not  known,  but  assumed  to  be 
associated  with  genotype  and/or  phenotype  plant  specimens  or  changes  in 
availability  and  uptake  of  nutrients,  either  Inorganic  or  organic. 

A  rather  unique  method  for  culture  of  attac2«d  filamentous  green  algae 
was  suggested  from  investigations  of  Whitford  and  Schumacher  (6) 
regarding  current  effect  on  the  mineral  uptake  of  Qedogonium. 

To  evaluate  the  potential  of  laboratory  culture  of  certain  filamentous 
green  algae  known  to  attach  to  solid  substrates,  a  small  model  recircu¬ 
lating  aystam  was  devised.  A  20-liter  plastic  container  was  fixed  with 
an  outlet  tube  at  the  bottom.  This  served  as  a  reservoir  for  the  modi¬ 
fied  Chu  No.  10  nutrient  solution.  A  small,  0.75-gpm  p\mqp  was  arranged 
to  recirculate  nutrient  solution  from  the  reservoir  through  a  shallow 
plastic  chazstel  2-1/2  feet  long  and  2  incites  in  width.  Flow  volume 
averaged  2.7  liters  per  minute  with  a  free  flow  surface  velocity  of  5  cm 
per  second.  This  small  channel  was  arranged  to  receive  100  ft-c  of  cool- 
white  illumination  and  ambient  te^>eratures  of  66*  to  70*  P.  The 
nutrient  stock  was  inoculated  with  filaments  of  a  laboratory  grown  vol- 
tura  of  Bhiaoclonium  qpp.  in  the  initial  tests,  water  temperatures 
increased  to  above  85*  F  under  oontixnious  operation.  During  this  period, 
a  heavy  growth  of  filamentous  blue-green  algae  developed  on  the  channel 
and  in  the  reservoir.  To  maintain  culture  solution  tesp>eratures  nearer 
to  a  65*  to  70*  F  range,  a  stainless  steel  coil  was  iamersed  in  the 
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reservoir  and  cold  tapvater  recirculated  tiJough  it.  This  itaintained  a 
temperature  of  64*  F,  A  few  days  after  replacenient  of  the  nutrient 
solution  and  reinoculation  with  Rhizoclonlum  filaments,  a  very  dense 
growth  of  attached  algae  developed  in  the  channel.  This  growth  was 
maintained  for  approximately  8  weeks,  ihrmally  in  standing  water  culture, 
Rhlzoclonlum  has  not  been  observed  to  Jevelop  holdfast  cells  and  attach 
to  solid  substrates. 

This  technique  certainly  appears  promising  for  laboratory  culture  of 
attached  filamentous  green  algae  ^eciicens  for  small-scale  studies. 

This  test  apparently  demonstrated  that  development  of  Rhizoclonium 
holdfast  cells  and  rather  rapid  filament  development  can  be  eniianced  by 
flowing  water.  Future  investigations  on  growing  attached  filamentous 
green  algae  for  specific  algaecidal  study  purposes  appear  justified 
and  will  be  conducted  as  time  permits. 

Algaecidal  Evaluation  Techniques  Presently  Used  and  ResxHts  of  Some 
Typical  Algaecidal  Tests 

A  few  techniques  for  evaluating  algaecides  have  been  reported  and  were 
reviewed  (7)  (8)  (9).  Only  a  very  limited  amount  of  the  techniques 
described  appeared  to  be  directly  adaptable  for  use  in  evaluating  com¬ 
pounds  on  filamentous  green  algae.  Although  all  of  these  methods  are 
basically  standing  water  beaker  tests,  considerable  ;  Jification  of  the 
described  techniques  have  been  found  necessary. 

The  presently  used  procedure  for  evaluating  the  potential  activity  of  a 
candidate  algaecide  consists  of  treating  a  small  case  of  vedo«::oniup  or 
Rnizocloniup  filaments  in  a  standing  water  test.  This  ma's  :)f  algal 
filaments  is  estimated  by  volume  to  equal  0.5  to  1.0  gram  fresh  weight. 

A  number  of  weighings  were  made  to  determine  the  relative  fresh  weight 
of  filaments  selected  for  a  given  treatment.  These  estimated  amounts 
were  found  to  correspond  to  tfds  weight  range.  In  routine  algaecidal 
evaluation,  algae  aairple  sizes  are  estimated. 

Algae  cultures  used  in  evaluation  teste  are  laboratory  grown  in  ar. 
inorganic  nutrient  solution  ux>der  temperature  regimes  of  60*  to  70*  F 
and  150  to  200  ft-c  ^f  cool-white  fluorescent  Illumination.  Algae 
cultures  are  usually  mixed  species  of  Qedcxconium  or  Rhizoclonium  growing 
in  association  with  occasional  unicellular  green  specimens  and  filaDentoue 
blue-green  algae. 

Aqueous  solutions  of  the  algaecidal  compounds  are  made  up  in  concentra¬ 
tions  of  10,  5,  1,  0.5,  C.25,  0.1,  and  0.05  parts  per  million  (ppm)  of 
active  ingredient  in  initial  tests.  Subsequent  tests  often  include  the 
rai^e  of  treatment  concentrations,  but  with  reduced  number  of  individual 
test  concentrations. 
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filaments  taken  frooi  the  cxilture  medium  are  exposed  to  the  algae> 
cldal  concentrations  for  a  period  of  60  minutes,  then  removed  and  rinsed 
In  running  tapwater  for  three  cycles  of  conteiner  filling  and  draining. 
The  treated  algae  specimens  are  then  held  in  tapeater-filled  quart  Jars 
for  observation  and  Injury  rating.  Treatment  solution,  rinse  water  and 
holding  water  temperatures  are  all  held  to  a  tolerance  of  70*  to  7^*  F. 
IXirlng  periods  In  the  sunmer  months  when  tapwater  chlorination  Is  high, 

It  was  found  necessary  to  limit  the  direct  use  of  running  tapwater. 

Rinse  water  during  these  periods  Is  dechlorlnated  by  agitation  azxi 
followed  by  a  period  of  standing  In  an  open  container  for  2  to  4  hours. 

Transfer  of  algae  specimens  from  an  inorganic  nutrient  medium  to  tapwater 
might  be  considered  objectionable  and  cause  toxicity  or  decline  wymptoms. 
This  factor  was  considered  and  has  been  evaluated  on  numeroua  occasions. 
Generally  there  have  been  no  noticeable  differences  exhibited  In  these 
tests.  In  all  cases  of  algaecldal  coa^ound  evaluation,  an  untreated 
check  specimen  Is  exposed  to  all  treatment  conditions  and  held  for 
observation.  The  numerical  Injuzy  rating  or  decline  observation 
exhibited  by  check  specimens  la  deducted  from  that  exhibited  on  treated 
algae. 

The  relative  size  of  the  plant  sasple  to  be  treated  In  relation  to  the 
treatment  solution  volusie  has  been  reported  to  have  an  Influence  on  the 
amount  of  injury  (10).  The  Influence  of  plant  saaple  size  In  the  500-«l 
treatment  solutloo  hs‘«  been  evaluated  and  results  observed  on  occasions 
when  plant  sample  sizes  were  not  closely  determined.  9oe«  differences 
were  noted  whan  excessive  amounts  of  algae  were  treated.  Consequently 
the  plant  saeple  size  is  regulated,  as  previously  indicated. 

Because  of  the  variability  in  plant  material  cultured  in  the  manner 
previously  described,  a  nm^r  of  genotypical  and/or  phenotorpleal  varia¬ 
tions  can  occur.  These  dlffi  ntees  may  al  er  the  response  of  algae 
specimens  to  a  treatment.  To  overcome  this  potential  haaard  in  the 
rating  of  a  ouniber  of  algaeoldee,  a  standard  treatmtnt  is  used  In  all 
evaluation  tests  of  unknown  coa|>ounde.  Copper  eulfete  is  utilised  es  s 
stendard  algaeclde  for  injury  oomparleons  of  a  treatmant  series.  Any 
oos  evaluation  test  shoeing  excessively  high  or  low  activity  on  the 
algee  treated  with  standard  ooppar  aulfate  conoertrstions  is  oonsldered 
atypical,  end  the  reaulte  of  unknown  ooafKMndw  are  not  eoneldered  repre- 
aeotative  and  cannot  b^  eQi^tared  with  other  aatariale.  Tests  giving 
thaea  reaulte  are  repeatad  ualng  a  different  source  of  algee. 

At  present  an  obeervatlcnal  injury  rating  kyetem  baaed  on  a  0  to  10  scale 
Is  used  to  evaluate  e  cttdldete  coinKiund.  ttille  this  reting  system  has 
some  reoQgniaed  limltatiune,  It  has  been  found  to  be  sulteble  for  the 
present  algmeeidal  evaluation  progrem. 
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When  unicellular  algal  suspensions  are  utilized  in  c/emical  pr^toxic-'y 
studies,  tne  changes  in  growth  and  survival  of  cells  is  often  Jeteru^^.^ -d 
by  Ciianges  in  optical  density  of  t.  e  cells  in  tne  culture  aediua,  intact 
filamentous  green  algae  would  not  be  adaptable  to  optical  density 
determinations  as  a  criteria  of  colon^’  size  witx.out  separation  of  indi¬ 
vidual  cells  rrom  tx.e  filamentous  colony.  Separation  of  tx.e  individual 
one-celled  plants  from  tneir  position  in  a  filar*  eii^  would  probably  pro¬ 
duce  an  atypical  response  to  algaecidal  cxiemicals.  This  type  of  evalua¬ 
tion  would  be  test  suited  to  determining  growtn  suppression  data  on 
plants  treated.  A  nore  desirable  algaecide  for  flowing  water  is  one  that 
is  rapidly  sbsorbed  and  will  cause  rapid  deatx.  oi  tx.e  plant  cells. 

Growtn  supjression  evaluation  would  be  important  to  some  aspects  of  algae 
control  in  irri.gation  systems  wr.ere  tne  toxicant  is  applied  to  a  solid 
substrate  as  an  attacimient  in:*ibitor. 

Another  spproacn  for  evaluating  algaecidal  in  ^ury  consisted  of  a  crloro- 
piiyli  extraction  of  treated  algae.  A  standaiu  acetone  extraction  was 
used  (11/  to  produce  t.,e  cxloropryli  solution.  Cnloroj.i*yil  (n  and  b) 
concentrations  of  tx-e  extract  were  determined  px.Dt  ^metrically  using  a 
red  tube  on  the  spectropx.otometer  and  peak  transcittance  determined  at 
wave  lePigtx.s  of  aixd  642.5  millimicrons.  Comparative  cx.loropxyll 
solutions  were  cade  by  acetone  extractions  of  untreated  O-dogonium. 
filaicents.  Etx.er  dilutions  were  cAde  up  fron  tx.ese  extractions  and  e 
standard  curve  developed  fron  tx.e  varying  degree  yf  transcittance  by 
Changes  in  cr.loropxyll  concentration.  Treated  plant  extractions  were 
compared  to  tx.is  standard  curve  in  an  attempt  tu  correlate  degree  of 
injury  with  ci.anges  in  ciJoropi^  11  content. 

Results  of  this  study  i.ndicated  very  little  correlation  between  extracted 
cxJioropxyll  density  aiKi  observations  of  injur^  and  subsequent  survival. 

A  number  of  variables  contributed  to  tx.e  wide  differences  exj.erienced . 

First  and  forem*o8t  was  in  establisi.ing  u  standard  cx.loropxyll  content  of 
tx.e  algae  species  on  a  basis  of  n  iiligram.s  of  c;..  orouyil  per  gracs  dry 
weigi.t  of  plant  cells.  Extractions  of  various  saiF.  ies  sx.owed  differences 
tx.at  made  It  difficult  to  establisx.  aiy  cooparative  staitdard.  .^oc.€ 
difficulty  was  also  experienced  in  making  sure  of  complete  cxdoropiyU 
extract  ■  on  of  the  small  plant  samples  used.  Anotx.er  critical  condition 
for  tiie  extractions  of  treated  algae  would  be  the  holdi.ng  period  follow¬ 
ing  treatment.  A  slow  acting  or  possibly  a  systemic  algaecide  might  not 
produce  effects  on  ci-loropryll  content  as  rapidly  as  contact  type 
algaecides.  Any  uniform  time  of  cxiioropiyll  extraction  migx.t  indicate 
hlgxi  ciilorophyli  content  and  limited  Injury  of  a  compound,  while  in 
reality  it  may  be  a  slow  acting  compound  produciiTg  maxiiaum  injury'. 

Certain  other  appr  oaches  to  establishing  a  reliable  n.eaaurecent  of  c.hemical 
injury  to  algae  ixave  been  evaluated  with  only’  limited  success  resuxtijig. 

One  obvious  tec.nnique  is  to  determine  possible  differences  in  dry  weight 
of  severely  injured  and  untreated  algae.  Little  correlation  appeared 
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beteeen  degree  of  injury  and  changes  in  dry  weight  over  the  2-^eek 
observation  period. 

Although  the  observational  rating  system  at  present  appears  to  be  the 
roost  reliable  method  of  determining  injury  to  treated  algae,  it  has 
limitations.  Prjbably  the  roost  critical  question  is  whether  or  not  one 
is  still  rating  the  same  algal  cells  that  were  treated,  because  of  the 
rapid  cell  division  that  can  take  place  in  these  type  plants.  This 
would  be  especially  true  when  lower  injury  values  of  5  or  less  are 
observed  and  when  limited  growth  inhibition  is  exhibited.  The  present 
feeling  is  that  compounds  that  produce  less  than  near  total  kill 
(injury  ratings  of  8-10)  would  not  be  considered  as  being  particularly 
promising  and  would  probably  be  rejected  as  an  algaecide  for  use  in 
water  conveyance  systems. 

Results  of  Algaecldal  Evaluation  Tests  on  Selected  CoopoundB 

A  number  of  compounds  have  been  preliminarily  tested  using  the  most 
suitable  culture  and  evaluation  techniques  described  in  this  report. 
Injury  is  based  on  the  0  to  10  scale,  described  as  follows:  C  *  no 
injury;  1,  2,  3  *  sli^at  injury,  as  evidenced  by  sesne  bleaching; 

4,  5,  6  =  moderate  injuiy,  some  cell  division;  7,  8,  9  =  severe  injury; 

10  »  complete  kill  of  initial  culture.  Tlie  results  of  these  tests  are 
listed  in  Table  3. 

The  mean  activity  ratings  given  in  Table  3  were  obtained  by  deternjinlng 
the  average  injury  rating  obtained  at  all  chemical  concentrations  over 
the  2-week  observation  period.  This  average  activity  rating  provides 
some  index  for  comparing  chemicals. 

A  number  of  the  more  promising  compounds  were  ranked  according  to  highest 
mean  activity  ratings  and  are  listed  accordingly  in  Table  4.  Statistical 
analysis  for  significance  in  ranking  would  not  be  justified  because  these 
are  preliminary  tests  and  the  data  are  useful  mainly  in  eliminating 
compounds  that  show  limited  activity. 

Emulsified  aromatic  solvent  was  included  in  these  tests  to  determine  the 
minimum  lethal  concentrations  on  typical  filamentous  green  algae  species. 
This  aquatic  herbicide  has  on  occasions  been  used  as  an  algaecide  in 
irrigation  distribution  systems. 
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observation  period. 

j^Injury  for  copper  sulfate  is  means  of  eight  separate  evaluation  tests. 
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Table  3 --Continued 


Table  4 


COMPARISON  OF  COMPOUNDS  EXHIBITING  HIGHEST  ALGAECIDAL  ACTIVITY 
ON  TH’  FILAMENTOUS  GREEN  ALGAE  RMzoclonlum  AND  Oedoganlum 


Laboratory 

No. 

*  .Algaecidal  compound 

Mean  activity 
rating  number 

751 

• 

• 

:Tributyltin  chloride 

9.0 

701 

'.Silver  methanearsonate 

8.3 

753 

;Bis  (tri-n-butyltin)  oxide 

6.9 

— 

: Copper  sulfate 

5.7 

~ 

: Sodium  hypochlorite 

5.3 

391 

: Rosin  amine  D  acetate 

4.8 

758 

:  1,1' -dimethyl-4,4 '-dlpyridylium  cation 

4.8 

816 

:  Acrolel’^ 

4.4 

757 

: 1 : 1  *  -ethylene-2 ; 2 ' -dipyridylium  dibromide  cation 

3.7 

Most  of  the  more  active  coopounds  listed  In  Table  4  have  been  used  success¬ 
fully  In  scMue  form  as  algaecldes,  C<^per  sulfate,  of  course,  Is  used 
extensively  because  of  cost,  ease  of  application  and  relatively  1cm  fish 
and  other  animal  toxicity.  Some  of  the  other  compounds  do  exhibit  suffi¬ 
cient  activity  to  warrant  further  invest igaticm  for  special  applications, 
such  as  additives  to  antifouling  coatings  on  concrete  canal  linings.  One 
of  these  compounds  (Number  753)  is  presently  under  test  as  the  active 
ingredient  in  an  antifouling  paint. 


A  potential  list  of  chemicals  that  might  possess  algaecldal  activity 
would  be  extensive  and  only  a  few  have  been  included  in  the  present  tests. 
The  results  of  the  compounds  tested  to  date  do,  however,  indicate  the 
usefulness  of  the  presently  used  algae  culture  and  algaecidal  evaluation 
procedures. 


Laboratory  Evalw.  tion  of  Baulsifiers  Used  to  Disper«»«»  *  ^ic  Solvent 
Aquatic  Herbicides 

Emulsifier  manufacturers  continually  develop  new  and  improvea  emulsifiers 
for  agricultural  pesticide  chemicals.  Many  of  these  materials  are  sub¬ 
mitted  to  the  Denver  laboratory  for  evaluation  of  suitability  for  use  in 
dispersing  aromatic-solvent  aquatic  herbicides  for  pondwced  control.  A 
number  of  these  compounds  are  scrutinized  and  tested  annually  in  the 
laboratory.  Materials  perfonring  well  in  laboratoiy  tests  are  suggested 
for  further  testing  in  the  fieLd  by  Bureau  project  offices.  Development 
of  suitable  laboratory  tests  and  evaluation  of  new  materials  have  aided 
in  developing  the  use  of  more  efficient  emulsifiers.  This  has  resulted 
in  better  aquatic  weed  control  with  a  considerable  reduction  in  cost  of 
emulsifiers  by  allowing  for  a  significant  reduction  in  percent  emulsifier 
required  to  adequately  disperse  the  solvent  herbicide  in  irrigation  water. 
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The  laboratcny  test  method  used  to  evaluate  emulsifiers  is  that  developed 
is  the  Denver  laboratory  and  described  in  Chemical  Engineering  Laboratory 
Repon  No.  W-1  (12). 


Results  of  the  five  selected  emulsifiers  tested  in  the  laboratory  during 
the  past  yeur  are  listed  in  Table  5.  The  suitability  of  the  emulsifiers 
to  disperse  solvent  herbicides  is  based  on  the  premise  of  the  stability 
of  the  oil-water  emulsion  produced.  The  index  of  this  stability  is 
based  on  the  amount  of  cream  layer  and/or  oil  that  s^arates  from  the 
water  medium  during  a  given  period  of  standing.  These  oil-cream  separa¬ 
tions  are  indicated  in  the  test  results  of  Table  5  and  relate  the 
potential  usefulness  of  the  emulsifying  cooipouzKl. 

lablej. 


RESULTS  OF  LABQRATCeY  EVALUATION  OF  EMULSIFIERS  PROPOSED  FOR  USE 
_ IN  DIg>ERSIMG  _AROMAIIC  SOLVED  HERBICIDES _ 


Labo- 

Percent 

Mean  results  of  two  test  replications 

Suitability 

ratory 

emulsifier 

Divisions  of  cream  and  oil  separation 

rating  at  a 

Sample 

by  volume 

after  standing  for  1.  2.  and  4  hours 

given 

No. 

with 

1  hour 

2  hoUk's  :  4  hours 

emulsifier 

- 

SETilf 

850 

1.0 

5.0 

0 

5.5 

0  :  17.5 

1.0 

Poor 

1.5 

1.5 

0 

2.5 

0  :  3.5 

Trace 

Good 

2.0 

Trace 

0 

1 

0  :  1.5 

Trace 

Excellent 

851 

1.0 

7.0 

8.0 

3.0 

11.0  :  2.0 

13.0 

Poor 

1.5 

14.0 

12.0 

14.0 

11.0  :  8.5 

U.5 

Poor 

2.0 

16.0 

7.0 

U.5 

9.5  :  10.5 

13.0 

Poor 

852 

1.0 

27.0 

1.5 

27.5 

1.5  ;  27.5 

2.0 

Poor 

1.5 

23.0 

2.0 

22,0 

3.5  :  20.0 

5.5 

Poor 

2.0 

26.0 

0 

28.5 

0  :  28.0 

1.0 

Poor 

863 

1.0 

2.0 

0 

3.0 

0  ;  3.5 

1 

Good 

1.5 

Trace 

0 

1 

0  :  1 

Trace 

Dccellent 

2.0 

0 

0 

Trace 

0  ;  Trace 

0 

Excellent 

869 

1.0 

5.0 

1.0 

9.0 

1.5  :  U 

2.0 

Fair 

1.5 

Trace 

0 

2.0 

0  ;  4.0 

0 

Good 

2.0 

Not  tested  at  this  concentration 

» 

t 

> 

• 

»  • 

» 

t -  _i 

1 

fimilsifying  cooqpouzxls  8:^0,  863,  and  869  would  be  considered  suitable  for 
dispersing  aromatic  solvent  aquatic  herbicides,  fiuulsifier  Nc.  $63 
should  produce  good  results  down  to  the  1  percent  level.  The  other  two 
would  be  questionable  when  used  below  the  1,3  percent  level. 
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Evaluation  of  Aroroatic  Solvents  for  Use  5/  Bureau  of  Reclaniation 
Projects  and  Coouerating  Irrigation  Districts 

Samples  of  xylene  and  aromatic  solvents  we:re  received  for  testing  for 
suitability  as  aquatic  herbicides  pursus' .  to  requests  from  regional 
and  project  offices.  Tr.ese  samples  were  analyzed  for  confonriance  to 
priy’sical  and  chemical  requirements  and  tested  for  herbicidal  activity 
on  tliree  species  of  submersed  aquatic  weeds.  Tr;ese  tests  were  performed 
for  the  purpose  of  obtaining  data  useful  to  regional  and  project  offices 
in  selecting  suitable  aquatic  herbicides,  and  provide  inforn*ation  useful 
for  further  developnent  and  inproven.ent  of  specifications  and  requirem'‘nts 
for  tills  type  of  aquatic  herbicide. 

The  samples  were  tested  for  confcrnAnce  to  pnysical  and  ciienical  require- 
ments  listed  in  tne  tentative  specifications  included  in  Chemical 
Engineering  Laboratory  Report  No.  31-17(13).  The  results  of  the  test 
for  aromaticity  of  samples  are  tabulated  in  Table  6. 

Table  6 


ANALYSES  OF  AROMATIC  SOLVENTS  AND  XYLENE  SAMPLES 
FOR  HYDROCARBON  TYPES  BY  ASTM:  DESIGNATION  1319 


Laboratory 
Sample  No. 

Pfydrocarbon  type  (percent  by  volume) 

Saturates 

Olefins 

AroD  itics 

831 

4.1 

0 

95.9 

832 

1.2 

0 

98.8 

833 

0.2 

0 

99.8 

834 

4.2 

0 

95.8 

835 

9.7 

0 

90.3 

836 

0.2 

0 

99.8 

837 

8.9 

0 

91.1 

838 

u.o 

0 

86.0 

839 

0.7 

0 

99.3 

842 

0.6 

0 

99.4 

844 

1.1 

0 

98.9 

353 

0.9 

0 

99.1 

854 

0.6 

0 

99.4 

All  saoples  tested  had  an  aromatic  content  greater  than  the  minimum 
requirement  of  35  percent. 

Distillation  range  tests  of  arcMiatic  solvents  for  conformance  to  pljysical 
requirements  for  the  samples  are  included  in  Table  7. 
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Table  7 


RESULTS  OF  DISTILLATION  RANGE  TESTS  OF  AROMATIC  SOLVENTS 


Specified 

requirements 

Laboratory 
Sample  No. 

Flash 

point 

•f 

Distillation  range  ASTM  D86-54, 
degrees  F  at  760  nm  Hg.  4jre_eaure 
Initial:  Temperature  at  which 
boiling:  percent  distillate  by 
point  :  volume  was  recovered 

End 

point 

« 

_ - _ 1 

Percent 

water 

80* 

minimum 

: Greater:  Less  :  Less 
240*  :  than  than  :  than 

minimum:  265*  :  320*  :  380* 

832 

97 

•  •  • 

304  :  317  :  *331  :  372 

*422 

Nil 

834 

91 

276  :  284  :  292  :  308 

312 

Nil 

835 

88 

272  :  282  :  291  :  331 

357 

Nil 

838 

99 

310  :  319  :  **325  :  333 

343 

Nil 

842 

93 

• 

274  :  293  :  313  :  339 

•  •  • 

354 

Nil 

MSanplea  did  not  meet  specified  requirement. 

««Sao^le  exhibited  a  alight  deviation  from  specified  requirement. 

The  vaults  of  distillation  range  tests  of  lylene  samples  for  canformance 
to  specified  requirements  are  listed  in  Table  8. 

Each  sample  of  solvent  was  subjected  to  a  herblcidal  activity  test  by 
treating  potted  cultures  of  sago  pondveed,  Potarnogeton  pectinatus. 
American  pondweed,  £.  nodosus.  and  vaterveed,  Elodea  canadensis. 
in  a  flowing  eater  situation.  Details  of  this  greenhouse  culture  and 
herblcidal  evaluation  technique  are  similar  to  that  described  by  Frank, 
Otto  and  Bartley  (14). 

The  flowing  eater  test  is  conducted  in  a  small  flume  where  treatment 
water  is  recirculated  at  a  volume  of  0.166  cfs  and  a  surface  velocity 
of  0.63  rp».  The  herblcidal  solvent  is  dispersed  in  the  treatment  water 
with  an  aniooicHMnionlo  surfactant  (Laboratory  SaBf>le  No.  79!^)  which 
is  used  at  a  rate  of  1.9  percent  by  volume  of  solvent. 

Replicated  potted  cultures  of  each  qpecies  are  treated  at  herbioldal 
ooocentratlont.  uf  200  and  600  parts  per  allllon  (ppm)  active  ingredient 
(a.i.).  The  plants  are  erpoaed  to  the  recirculated  herblcidal  solution 
for  a  period  of  30  minutes,  then  removed  to  a  20-liter  aquaria  contain¬ 
ing  clean  tapwater  for  rinsing.  The  treated  plants  are  held  in  the 
rlnee  container  for  about  30  minutes  and  then  placed  in  a  20-llter  glass 
jug  for  a  1-week  period  of  injury  obaervatlon. 
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Table  8 


RESULTS  OF  DISTILLATION  RANGE  TESTS  OF  XYLENES 
_  fOR  CQNFQRMAMCE  TO  PHYSICAL  REQUIREMENTS _ 


Distillation  range  ASTM  I>yo-54, 


Specified 

requirements 

Laboratory 
Sample  No. 

Flash 

point 

•f 

Initial: 

boiling: 

point 

Tenperature  at  which 
percent  distillate  by 
volume  was  recovered 
51  :  901 

End 

point 

Percent 

water 

gravity 

at 

60 '/YO*  F 

75* 

minimum: 

253* 

minimum 

Greater:  Less 

than  :  than 

266*  :  293* 

311* 

maximum 

0.2 

maximum 

0.850  min. 
0.870  max. 

831 

83 

272 

273  ;  276 

276 

Nil 

0.855 

833 

83 

272 

274  :  278 

282 

Nil 

0.859 

836 

80 

264 

274  :  278 

280 

Nil 

0.861 

837 

78 

268 

270  ;  276 

280 

Nil 

0.858 

839 

79 

271 

275  :  279 

285 

Nil 

0.864 

844 

79 

*240 

270  :  279 

281 

Nil 

0.859 

853 

84 

269 

275  :  **300 

310 

Nil 

0.867 

854 

80 

• 

271 

273  :  277 

281 

Nil 

0.869 

♦Sample  did  not  meet  specified  requirements. 

♦♦Sample  exhibited  a  slight  deviation  from  specified  requirements,  but 
considered  acceptable  for  use  as  an  aquatic  herbicide. 

Water  tenperature  during  plant  culture,  treatment,  rinse,  and  post¬ 
treatment  observation  is  controlled  in  a  range  of  65  to  75*  F. 

Herbicidal  injury  ratings  used  are  similar  to  those  described  by  Frank 
et  al  (14)  vitlt  some  slight  modifications  that  are  used  to  rate  contact 
herbicides.  In  general,  tiie  maximum  attainable  injui^  rating  for  aromatic 
solvents  seldom  exceeds  8  on  the  0  to  10  scale,  where  0  *  no  injury  and 
10  »  complete  kill  without  regrowth.  Also,  injury  by  contact  herbicides 
is  limited  to  above  ground  plant  parts  only,  whereas  with  some  systemic- 
type  herbicides  the  injury  ratings  may  include  effects  on  root  and 
rhizome  tissue. 

The  herbicidal  activity  rating;;  scale  used  is  described  as  follows; 

0  -  No  apparent  injury. 

1-2-3  -  Slight  injury, 
h-5-6  -  lloderate  Injury. 

6-7-8  -  Severe  injury,  but  with  some  regrowth  at  the  end  of  the  3 -week 
observation  period.  The  amount  and  vigor  of  regrowth  is 
reflected  in  these  final  3 -week  ratings. 
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*10  -  Total  kill  of  all  plant  material  without  regrowth. 

*Tbi8  degree  of  injury  has  never  been  attained  with  aromatic  solvent 
treatments  in  greenhouse  tests. 

The  results  of  herblcldal  activity  tests  on  solvent  samples  described 
in  this  report  are  sumiarlzed  in  Table  9.  The  sasples  of  aromatic 
solvents  and  xylenes  tested  during  the  past  year  met  all  specified 
requirements,  except  for  slight  deviations  of  Sanples  No.  832,  838,  and 
8o3.  Sanple  No.  832  was  rejected  because  of  the  two  failures  of  require¬ 
ments  of  physical  tests.  All  other  samples  were  considered  acceptable. 

The  herblcldal  activity  ratings  of  all  materials  tested  were  quite 
similar. 

Aromatic  solvents  submitted  for  acceptance  tests  for  use  by  Bureau  of 
Reclamation  projects  or  cooperating  irrigation  districts  have  continually 
improved  over  the  years.  The  past  year's  evaluation  of  these  materials 
illustrates  the  increasing  uniformity  of  this  type  of  aquatic  herbicide. 

Evaluation  of  Selected  Herblcldal  Coopcunds  on  Rooted  Submersed 
iflM^tlc  Weeds 

A  limited  number  of  chemical  coopounds  have  been  evaluated  for  activi-^ 
on  submersed  aquatic  weeds  during  the  past  year.  These  materials  were 
either  submitted  to  the  Bureau  laboratories  by  manufacturers  for  evalua¬ 
tion  of  their  algaecidal  and/or  herblcldal  potential  or  may  be  materials 
that  are  suggested  for  specific  berbicidal  tests  from  other  areas  of 
research  being  conducted  in  the  laboratory  or  the  field. 

These  materials  are  subjected  to  herblcldal  activity  tests  by  treating 
greenhouse  grown  cultures  of  sago  poodweed,  Potamogeton  pectLoatus. 
American  pondweed,  £.  nodoeus.  and  Elodea  canadensis.  Details  of  culture 
and  evaluati(»i  procedures  are  those  described  by  Frank,  et  al  (14). 
QenaraUy,  the  potted  cultures  of  the  previously  indicated  aquatic  weeds 
are  exposed  to  tlw  candidate  compounds  in  20-liter  aquaria  maintained 
in  one  of  two  greenhouses.  The  teat  sequence  usually  follows  the  pattern 
of  a  preliminazy  continuous  contact  test,  followed  by  tests  with,  reduced 
exposure  time,  end  may  be  finally  teatad  jn  a  flowing  water  situation. 

Test  methods,  although  basically  similar,  are  modified  to  fit  the  epecific 
type  of  meterlal.  Likevlee  the  coccentretion  of  the  material  under  teat 
may  be  varied  as  knoeladgt  of  the  materiel  may  suggest. 

Harbicldal  injury  to  the  treeted  plents  is  that  described  by  Frink,  et 
al  (14)  with  modifications  that  were  described  in  the  previous  section 
in  this  report  on  evaluations  of  aromatic  sc  '«nt-type  harbicidas. 

Bssults  of  tbs  berbicidal  activity  testa  of  sa^.h  compound  are  tabulated 
In  the  foll::wlng  tables. 
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Table  9 


:  Solvent  ; 

Laboratory . concentration: 


Injury  scale  rating^ 


;  Activity 
Index 


I^Each  figure  represents  the  mean  of  three  weekly  injury  scale  ratings, 
fe/ Activity  index  number  obtained  by  determining  the  average  of  the  mean 
injury  scale  ratii^s  for  each  species  tested. 

^sed  as  a  standard  contact  herbicidal  solvent  for  coaparative  purposes. 
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I^boritory  Mo.  :  761 

Compound  :  Pota^aio:-.  salt  of  2-(2,4,5-trichloro  henoxy)  propionic  acid 

Formulation  :  22.0'?  nctive  In  gradient,  20^  Acid  Squivalent,  Soil  Applieii 

Granular 


1  ..'eekl,'  i  i  .r,-  sc  .le  r  stings  of  corpounds  evaluxted  for  p.erbicidal  activity  on 
aquatic  weeds 

itandin,/:  .liter-ContLiuous  Con'^act  Test~Conductea  i-  Greenhouse 

Potteo  Cilture-s 
of  iooted  .iiaatic 
tec<i  -pecies 

Injury  1  and  2  Meeks 

Fo'-lowi.  g  freutment 

Hvera 

ge  .;,it. 

S 

— 

.'.ate  5  A 

iat,e  401^/1 

■jn 

2 

2 

1 

2 

■i 

■■1 

P.  uectiiiatus 

3 

10 

3 

10 

4 

L  - 

10 

6.5 

6.5 

7 

:  .  nodosus 

2 

10 

■ 

10 

2 

10 

6 

6 

6 

S.  canadensis 

3 

10 

_ 

1 

10 

■ 

10 

6.5 

7 
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Laboratory  No.  :  762 

Cottpoond  :  Fotaasiuin  salt  of  2-(2,L,  5-trici!lorophenoxy)  propionic  acid 
Formulation  :  6^^  Acid  Lqui'r«lent  per  C^allon,  ooil  noplied  Liquid 


;/eekly  injury  scale  ratin<»3  of  compounds  evaluated  for  herbicidal  activity  on 
aquatic  weeds 

Stand  ing  Sater-Continuous  Contact  Test-Oo  .ducted  in  Oreenhouse 

Pot..ed  Cultures 
of  riooted  Aquatic 

Veed  Species 

Injury  liatings  1  and  2  Weeks 
Following  Treat^'iCnt 

Average  dating 

1 

h-ate  5i^/a 

.late  20-f/k 

date  LOp/a 

5f/A 

ima 

kOft/k 

2 

' 

a 

2 

1 

2 

r.  pectinatus 

D 

10 

2 

10 

■ 

10 

5.5 

6 

7 

P.  nodosus 

2 

■ 

H 

8 

3 

H 

5.5 

4.5 

6.5 

L.  canadensis 

-  .1  - - - - 

■ 

B 

a. 

10 

- - - - 

_ 

H 

6 

A 

0  1 
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Laboratory  No.  :  328 

Conipound  :  Crude  :..ethyC  n  .phthalene 

Forrrilat:^on  ;  -olvont,  10-''  active  Lcpredient 


U'-f-klv  injurv  scale  r  tinp.s  of  compounds  evaluated  for  herbicirial  activity  on 
aquati  weeifs 


Standing  Water  •  Continuous  Contact  Test  -  Conducted  in  Greenhouse 

Rotted  Cultures 
it  K  ofed  Aquatic 
Weed  Species 

Injurv  Ratings  1,  2,  3,  and  4  Weeks  Following 
Treatment 

Average  Rating 

llerhii  ide  Cc.nc. _ ppm 

Herbicide  Cone. - ppm 

ppm  ppm 

1 

1  2 

rr 

4^ 

1 

R.  pert  mat  us 

1 

• 

1’.  nodosus 

- 1 

1 

i 

r„  canadensis 

1 

i 

^  J _ 

1 

J _ 

_ 

i  , 

u., _ i _ I 

Limited  Con  act  Period  I'est  For  SOMin.  Period 

t 

1  Flowing  Water  CID 

Standing  Water  C3 

Potted  v  uitiires 
of  Hooted  Aquatic 
W'eed  SpecH  s 

Injurv'  Ratings  1,  ?.,  3,  and  4  We?ks  1 
Treatmtmt 

'ollowi 

nc.  6QC 

ng 

Average  Rating 

Herbicide  Conc.S2fl  ppm 

Herbicide  Co 

Vpm 

..  2QD  ppm 

JiQQ.  ppm. 

1  " 

2 

ij 

4 

1  !  2 

4 

■  •  n 

i 

L,. 

P.  pectin  ct  us 

2 

] 

1 

... 

0.5 

3  3.3  1.3 

1.2 

2,7 

P.  n  idoMi:. 

1 

1  1  1 

3  1  4 

2 

L  J 

1 

3  1 

F,  (  anadeiisis 

1 

— 1 — 

1  1  1  j 

J 

?  I  5 

1 

4.3  ' 

Iniurv  ...anp  scale,  l':No  iniu-y;  1.  2,  f»Shght  Injury;  4.  5,  6=1«oderate 
Iniurv,  M^Severe  linun,  With  Some  Reprowfh  Inhibition  Above  Soil  Line’ 
10  -*  fmplotc  Kill  of  Alx>'.  Soil  l^inc 
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Laboratory  .’Ic.  :  329 

Compound  :  iefLned  rethyl  naphthalene 

Fonnulai, ion  :  Solvent,  100 1  .ictive  l  ijre^  ;--nt 


'A<»ek)y  injury  scale  ratings  of  compounds  evaluated  for  herbicidal  activity  on 
aquatic  weeds 


- - — 5 

1  Standing  Water  -  Continuous  Contact  lest  -  Conducted  in  Greenhouse 

!  Potted  Cultures 
of  Rooted  Aquatic 
Weed  Species 

Injury  Ratings  1,  2,  \  and  4  Weeks  Followir 
Treatment 

Average  Rating  | 

Herbicide  Con 

Herbie 

ide  Cone. 

ppm 

ppm 

ppm 

1 

rr-’ 

3^ 

IQI 

1 

2 

3 

4 

1  P.  pectinatus 

I 

1  P.  nodosus 

1 

■ 

1 

j  E.  canadensis 

■ 

■ 

_ 

_  _ 

1  Limited  Contact  Period  Test  For  3^  Min.  Period  j 

Flowing  Water  (ZD 

- 1 

Standing  Water  CZl 

Potted  Cultures 
of  Rooted  Aquatic 
Weed  Species 

1 

1 

i 

1 

Injury  Ratings  1,  2,  3,  and  4  Weeks  F 
Treatment 

'ollowi 

1C.  6oc 

ng 

Average  Rating 

_ 

Herbicide  pp  ’' 

Herbicide  Co 

^pm 

msamm 

feJO  ppm 

2 

3 

4 

1 

2 

— 

3 

4 

■■ 

1 

i  P,  pectinatus 

3 

4 

3 

3 

4*  5 

4 

3.3 

3.8 

i  P.  nodosus 

i  .  .  . 

2 

2 

p 

3 

3 

3 

2 

3 

1 

K.  canadensis 

1 - 

1 

1 

X 

3 

2  J 

1 

2.7 

I 

j  Injury  rating  scale,  0=No  injury;  I,  2,  3-Siight  Injury,  4,  5,  6-=Woderafe 
I  Injury;  7,  8,  9  =Severe  Iniun,'  With  Some  Regrowth  Inhibition  Above  Soil  Line; 
!  lO^Connlete  Kill  of  P!a..rc  Above  S-iU  I  ine 
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Laboratory  '-'o,  :  330 

Compound  :  Tetrahyd.'onarhthalene 

Fom  ^lati  jn  :  Solvent*  lOOjS  nctive  IiL-;;redient 


Weekly  injury  scale  ratings  of  compounds  evaluated  for  herbicidal  activity  on 
aquatic  weeds 


Standing  Water  -  Continuous  Contact  Test  •  Conducted  in  Greenhouse 


Potted  Cultures 
of  Rooted  Aquatic 
Weed  Species 


P.  pectinatus 


P.  nodosus 


E.  canadensis 


Injury  Ratings  1,  2,  3,  and  4  Weeks  Following 
Treatment 


Herbicide  Cone. _ ppm  i  Herbicide  Cone. _ 


1  2  3  4  1  2  3 


Potted  Cultures 
of  Rooted  Aquatic 
Weed  Species 


Limited  Contact  Period  Test  For 20-  Min,  Period  Flowing  Water  CD 


Injury  Ratings  1,  2,  3,  and  4  Weeks  Following 

_  _ _ Treatment _  _ 

Herbicide  Conc^S^  ppm  j  Herbicide  Cone. 


1  2  3  4  1  2  3 


Standing  Water  CX) 


Average  Rating 


P.  pectinatus  j  2 


P.  nodosus 


E.  canadensis 


Injury  rating  scale,  0=No  injury;  1,  2,  3-Slight  Injury;  4,  5,  6*1lloderate 
Injury;  7,  8,  9=Severe  Injury  With  Some  Regrowth  Inhibition  Above  Soil  Line; 
10=CompIete  Kill  of  Plants  Above  Soil  Line 
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Laboratory  J'Jo.  :  848 

Gompo-ind  :  4"ainino-3, 5,6-trichloropicolinic  acid 
Formulaticn  :  lO'f  Active  Ingredient,  Clay  Granules 


Weekly  injury  scale  ratings  of  compounds  evaluated  for  herbicidal  activity  on 
aquatic  weeds 


Standing  Water  -  Continuous  Contact  Test  •  Conducted  in  Greenhouse 


■ 

Potted  Cultures 
of  Rooted  Aquatic 
Weed  Species 

1 

Injury  Ratings  1,  2,  3,  and  4  Weeks  Following 
Treatment 

Average  Rating 

Herbicide  Cone.  5-  ppm 

mmtmi 

1 

2 

3 

4 

1 

mm 

3  '  4 

0.6 

P.  pectinatus 

0 

0.5 

.  - 

0 

L  J 

2 

L 

7 

9.5 

10 

10 

P.  ncdosus 

a 

B 

m 

3 

8 

. 

10 

10 

_ 

3.6 

7.8  ! 

C.  canadensis 

3 

D 

8 

D 

9.5 

4.9 

9.1 

Limited  Contact  Period  Test  For _ Min.  Period 

Flowing  Water  CD 

Standing  Water  CD 

Potted  Cultures 
of  ^  ^•d  Aquatic 

i  Wet  ,  ecies 

( 

1 

1 

Injury  Ratings  1,  2,  3,  and  4 
Treatment 

Alecks  Folio wi 

;ide  Cone.  __ 

Average  Rating 

Herbicide  Cone. _ ppm 

Herbir 

ppm 

ppm 

- -  ppm 

1 

2 

3 

4 

1 

2 

3 

imii 

Hi 

i 

j  P.  pectinatus 

P.  nodosus 

■ 

E.  canadensis 

fl 

■ 

■ 

B 

■  1  m  t 

Injury  rating  scale,  0=No  injury;  1,  2,  3-Slight  Injury;  4,  5,  6-sModerate 
Injury;  7,  8,  9=Severe  Injury  With  Some  Regrowth  Inhibition  Above  Soil  Line; 
10=Complete  Kill  of  Plants  Above  Soil  Line 


Laboratory  No.  :  849 

CoBtpound  :  4“ainlno-3, 5»6-trichloi‘opicolinic  acid 
Foraulation  ;  2  pounds  per  gallon  Active  Ingredient,  Liquid 


Weekly  injury  scale  ratings  of  cumpounds  evaluated  for  herbicida!  activity  on 
aquatic  weeds 


I 

Standing  Water  -  Continuous  Contact  Test  <■  Conducted  in  Greenhouse  | 

Potted  Cultures 
of  Rooted  Aquatic 
Weed  Species 

Injury  Ratings  1,  2,  3,  and  4  Weeks  Following 
Treatment 

Average  Rating 

Herbicide  Conc..JL 

ppm 

.3-  ppm 

IQQ  ppm 

1 

2 

3 

4 

1 

mm 

3 

4 

0.8 

7.6 

P.  pectinatus 

0 

0 

0 

3 

5 

6 

9 

10 

P.  nodosus 

II 

m 

3 

3 

_ 1 

5 

9 

10 

1.9 

6.8 

£.  canadensis 

3 

3 

3 

9 

D 

o 

10 

10 

9.5 

• 

to 

Limited  Contact  Period  Test  For  _  Min.  Period 

Flowing  Water  O 

Standing  Water  CZ3 

Potted  Cultures 
of  Rooted  Aquatic 
Weed  Species 

Injury  Ratings  1,  2,  3,  and  4  Weeks  Following 
Treatment 

Average  Rating 

Herbicide  Cone. - ppm 

Herbir 

;ide  Cone. 

ppm 

opm 

Dom 

1 

2 

3 

4 

1 

2 

3 

4 

a 

P.  pectinatus 

■ 

a 

P.  nodosus 

E.  canadensis 

■ 

■ 

Injury  rating  scale.  Os  No  injury;  1,  2.  3-Slight  Injury;  4,  5,  SsModerate 
Injury;  7,  8,  9=Severe  Injury  With  Some  Regrowth  Inhibition  Above  Soil  Line; 
lOsComplete  Kill  of  Plants  Above  Soil  Line 
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Laboratory  No.  :  855 

Compound  :  Tris-(l-dodecyl”3-met^iyl--2-phenylben2irnidazolium)  ferricyanide 
Formulation  :  25^  Active  Ingredient,  'rfettable  Powder 


; 


1  Weekly  injury  scale  ratings  of  compounds  evaluated  for  herbicidal  activity  on 

1  aquatic  weeds 

Standing  Water  -  C.,iitinuous  Contact  Test  •  Conducted  in  Greenhouse 

1  Potted  Cultures 

1  of  Rooted  Aquatic 
Weed  Species 

[ 

Injury  Ratings  1,  2,  3,  and  4  Weeks  Following 
Treatment 

Average  Rating 

Herbicide  Cone.  _5- 

ppm 

Herbicide  Cone,  lilfbp- 

5  -  ppm 

100  ppm 

1 

2 

3 

4 

1 

2 

3 

4 

9.5 

9.5 

P.  pectinatus 

8 

10 

10 

10 

8 

10 

10 

10 

P.  nodosus 

6 

9 

9 

9 

3.5 

10 

10 

10 

8.3 

9.6  : 

E.  canadensis 

9 

9 

“J 

LXO, 

10 

mm 

1 

10  1 

Limited  Contact  Period  Test  For3Q.  Min.  Period 

Flowing  Water  O 

1 

Standing  Water  Qp  j 

Potted  Cultures 
of  Rooted  Aquatic 
Weed  Species 

Injury  Ratings  1,  2,  3,  and  4  Weeks  I 
T  reatment 

'ollowi 

nr-  liV 

ng 

Average  Rating 

.  _ 

Herbicide  Cone. _ 5  Ppm 

Herbicide  Coi 

bpm 

1 

2 

3 

4 

2 

3 

4 

IB 

Bi 

P.  pectinatus 

D 

0 

0 

0 

B 

3 

3 

0 

3.8  1 

P.  nodosus 

0 

j 

0 

0 

0 

D 

3 

■ 

3 

0 

E.  canadensis 

D 

0 

m 

0 

6 

6 

B 

3 

_ 2 _ 

- ! 

4.8  ■ 

Injury  rating  scale,  0=No  injury;  1,  2,  3-Slight  Injury;  4,  S,  6^oderate 
Injury,  7,  8,  9=Severe  Injury  With  Some  Regrowth  Inhibition  Above  Soil  Line; 
10 -Complete  Kill  of  Plants  Above  Soil  Line 


Laboratory  No.  :  856 


Compound  :  Brcaaine  salt  of  tris-(l-dodecyl-3--ni3thyl-2-phenylbenziniidazoliuin) 
feiTicyanide 

Formulation  :  95^  Active  Ingredient,  wet table  powder 


Weekly  injury  scale  ratings  of  compounds  evaluated  for  herbicidal  activity  on 
aquatic  weeds 

Standing  Water  -  Continuous  Contact  Test  •  Conducted  in  Greenhouse 

Potted  Cultures 
of  Rooted  Aquatic 
Weed  Species 

Injury  Ratings  1,  2,  3,  and  4  Weeks  Following 
Treatment 

Average  Rating 

Herbicide  Cone. 

jpm 

msm 

1 

2 

3 

4 

1 

2 

3 

4 

9.1 

9.5 

P.  pectinatus 

7 

10 

10 

9.5 

3 

10 

10 

10 

P.  nodosus 

6 

9 

10 

10 

8 

10 

8.5 

9.5 

£.  canadensis 

i _ 

u 

9 

10 

10 

10 

9 

10 

Limited  Contact  Period  Test  For  Min.  Period 

Flowing  Water  CD 

Standing  Water  C2l 

Potted  Cultures 
of  Rooted  Aquatic 
Weed  Species 

Injury  Ratings  1,  2,  3,  and  4  Weeks  I 
T  reatment 

'ollowi 

Average  Rating  | 

Herbicide  Conc.^JL  ppm 

Herbicide  Co 

l^pm 

-IQC  ppmi 

1 

2 

3 

4 

1 

2 

3 

4 

- 1 

1 

1 

J 

■ 

P.  pectinatus 

0 

0 

B 

0 

5 

n 

3 

2 

0 

3.5 

P.  nodosus 

0 

0 

0 

0 

0 

D 

3 

2 

3.3 

E.  canadensis 

_ 

0 

0 

0 

0 

a 

D 

mm 

0 

5.3 

Injury  rating  ;cale,  Or  No  injury;  1,  2,  3«Slight  Injury;  4,  5,  6^oderate 

Injury;  7,  8,  -I^Severe  Injury  With  Some  Regiowth  Inhibition  Above  Soil  Line; 
lOrComplete  Kill  of  Plants  Above  Soil  Line 
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Laboratory  No.  •  825 

Conpoond  :  Coco  diami.ie 
Formulation  ;  100'  A. I.  Liquid 


Weekly  injury  scale  ratings  of  compounds  evaluated  for  herbicidal  activity  on 
aquatic  weeds 


Potted  Cultures 
of  Rooted  Aquatic 
Weed  Species 


P.  pectinatus 


P.  nodosus 


E.  canadensis 


Standing  Water  -  Continuous  Contact  Test  -  Conducted  in  Greenhouse 


Average  Rating 


Injury  Ratings  1,  2,  3,  and  4  Weeks  Following 
Treatment 


Herbicide  Cone.  ppm  I  Herbicide  Cone. 


10  10  10  10  10  10  10  10 


10  10  10  10 


10  10  10  10  10  10  10  10 


-50 —  ppm  I  100  ppm; 


Limited  Contact  Period  Test  For  30.  Min.  Period 


I  Potted  Cultures 
I  of  Rooted  Aquatic 
I  Weed  Species 


Flowing  Water  OEl  Standing  Water  CII3 


Average  Rating 


1 

P.  pectinatus 

0 

0 

0 

P.  nodosus 

a 

f 

2 

1 

2 

E.  canadensis 

iiDi 

L!_. 

jJ 

Injury  rating  scale,  0=No  injury;  1,  2.  3-Slight  Injury;  4,  5,  6*Woderate 
Injury;  7,  8,  9=Severe  Injury  With  Some  Regrowth  Inhibition  Above  Soil  Line; 
10=Complete  Kill  of  Plants  Above  Soil  Line 
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Results  of  these  greenhouse  evaluations  of  the  coiq)ound8  do  not  shoe  any 
conpound  of  exceeding  proinise  for  control  of  pondweeds  in  irrigation 
canals.  The  potassium  salt  of  silvex  (Nos.  761  and  762)  did  shoe  good 
activity  in  soil  applied  tests,  but  generally  these  types  of  materials 
have  not  proved  to  be  successful  when  applied  in  flowing  water  situations. 
Further  development  of  specific  application  techniques  and  formulations 
for  aquatic  soil  applied  materials  is  required. 

The  naphthalene  solvent  series  of  tests  were  suggested  by  certain  resuxcs 
obtained  from  field  applications  of  crude  aromatic  solvents  that  con¬ 
tained  naphthalene  compounds.  Ihe  tetrahydronaphthalene  (No.  830) 
exhibited  the  most  activity  of  tl^  three.  Some  difficulty  was  encoun¬ 
tered  in  emulsifying  these  solvents.  Some  exploratory  work  has  been 
conducted  using  naphthadene  cocpounds  as  additives  to  aromatic  solvent 
to  determine  the  possibilities*  of  enhancing  their  herblciciel  activity. 
Resiilts  of  these  tests  are  not  yet  complete. 

A  ccmpletely  new  herbicidal  coopound  (Nos.  848  and  849)  was  made  available 
this  year  and  the  compound  structure  only  recently  released.  This 
material  was  found  to  be  active  on  the  pondweed  species  tested  under 
continuous  contact  conditions.  Ihls  material  was  not  tested  in  a  limited 
contact  or  flowing  water  situation  because  of  its  slow  action  in  pro¬ 
ducing  injuzy  symptoms.  Its  possible  usefulness  in  aquatic  weed  control 
in  irrigation  systems  would  be  limited  to  static  water  or  possibly  soil 
application. 

Coopounds  No.  895  and  856  exhibited  good  activity  in  static  water  tests, 
but  with  much  reduced  activity  in  flcwing  water  limited  contact  tests. 

Ihc  potential  usefulness  of  this  compound  in  either  formulations  as  an 
aquatic  herbicide  in  irrigation  canals  is  questionable. 

Pqpdweed  PrqPi£ule  Production  .as  Affected  _by  flei^eated  Aromatic  Solvent 

Greenhouse  experiments  were  conducted  to  study  the  effects  of  repeated 
aroMtlc  solvent  treatments  on  the  vegetative  propagule  production  of 
sago  pondweed,  PotaBO£et<»  pectinatus  L.,  and  American  pondweed, 
nodosus  Poir.  These  studies  are  being  performed  to  determine  the 
influence  that  continued  aromatic  solvent  treatments  may  have  on  sago 
pondweed  tuber  and  American  pondweed  winterbud  production  within  a 
representative  growing  season.  Data  of  this  nature  would  be  of  potential 
use  to  field  weed  control  personnel  in  determining  the  advantages  or 
disadvant.ages  of  making  multiple  solvent  treatments  in  addition  to  these 
required  for  nozwial  vegetation  control. 
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Tubers  of  sago  pondveedi  and  vinterbuds  of  American  pondweed  were  planted 
in  6-inch  clay  pots  filled  with  topsoil.  Each  pot  contained  six  propa- 
gulea  that  were  visvially  selected  for  uniformity  in  size  and  from  the 
same  propagule  source  during  any  treatment  series.  The  potted  propagiiles 
were  cultured  in  either  l/2-cut  55-gallon  steel  barrels  or  full  size 
30-gallon  steel  barrels  arranged  in  the  greenhouse  to  receive  uniform 
light  and  teo^^erature  conditions.  Supplemental  light  from  l50Hratt 
incandescent  flood  lamps  was  used  during  short  day  periods. 

A  total  of  IS  pots  of  each  species  was  planted  for  the  first  study  series. 
This  provided  for  a  series  of  replicated  pot  treatments  of  six  individuals 
for  untreated  checks,  one  treatment  and  two  treatments  each.  Initial 
experimental  layout  called  for  four  pot  replications  for  a  three -treatment 
series,  but  because  of  severe  top  kills  obtained  from  a  300-ppm  concentra¬ 
tion  of  emulsified  xylene  only  a  two-treatment  series  was  obtainable. 
Treatment  chronology  is  tabulated  in  Table  10. 

Treated  cultures  and  untreated  controls  were  randomly  arranged  in  the 
culture  aquaria  to  equalize  any  effects  of  excess  herbicldal  residues. 

All  treat^  plants  were  thoroughly  rinsed  in  running  tapwater  following 
treatment  and  returned  to  the  culture  aquaria  for  observation  and 
further  treatments. 

Cultures  were  treated  with  induatrlal  grade  xylene  emulsified  with 
2  percent  (v/v)  of  an  anionic-ncaiionic  blei.d  emulsifier.  (Laboratory 
No.  755.)  Treatment  concentration  in  the  first  teat  series  was  300  ppm 
for  a  contact  period  of  30  minutes.  A  herbicldal  concentration  of 
250  ppm  for  a  30-ttinute  contact  period  was  used  in  the  second  test.  The 
potted  cultxu^s  were  allosred  to  produce  significant  amounts  of  vegetative 
regrowth  before  being  subjected  to  subsequent  treatments.  These  periods 
varied  between  treatments  and  were  dependent  on  the  regrowth  accrued 
between  treatments  and  final  harvest.  Hegrosah  vigor  varied  between  the 
treated  cultures  and  with  species.  Potted  cultures  were  selected  for 
addltlanal  treatments  on  the  basis  of  regrowth  vigor. 

Determinations  were  made  of  the  number  of  vegetative  propagules  produced 
under  a  q^eoifled  treatment  and  the  reapective  freah  and  dry  weights  of 
the  propagules.  Results  of  the  first  test  senes  are  tabulated  in 
Tables  11  and  12.  Results  obtained  from  the  second  test  series  are 
itemised  in  Tables  13  and  14.  llsen  data  containad  In  Tablaa  11,  12,  13, 
and  14  are  graphically  represented  figure  1. 

Data  obtained  in  this  study  were  analysed  for  statistical  significance  by 
standard  least  square  methods  to  determine  means  and  standard  error  of 
means,  as  described  by  Schiaacber  and  Chapman  (15). 
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Table  11 


EFFECTS  OF  AROMATIC  SOLVENT  TREATMENTS  N  SAGO  POND'#EED  TUBER  PRODUCTION, 


_ _ 

Tot  ad  iresh 

Total  oven 

Replication 

No.  of 

weight  of 

dry  weight 

Mean  dry 

Percent 

No.  (pot) 

Treatment 

tubers 

tubers/ 

of  tubers/ 

weight/ 

dry  weight 

or  sanjple 

produced/ 

sample. 

sample, 

tuber. 

of  tubers 

grams 

grams 

Hi  i  H  i.  ^  r  fliTi 

Check 

41 

4.395 

1.592 

39 

36.22 

2 

Check 

41 

4.231 

1.736 

42 

41.03 

3 

Check 

40 

4.371 

1.774 

44 

40.58 

4 

Check 

53 

5.761 

2.393 

45 

41.53 

5 

Check 

41 

5.409 

2.16? 

5o 

40.06 

.  t 

Check  .  __ 

59 

5^08.  .. 

2.207 

,..3.7.  _  . 

,  41.57 

Means 

45.83 

a/  43.33 

^^^0.33 

1 

1 

38 

4.040 

1.546 

41 

3^.2c“ 

1 

16 

2.265 

0.798 

50 

35.23 

3 

1 

26 

2.234 

0.832 

32 

36.42 

4 

1 

48 

3.628 

1.182 

25 

32.57 

5 

1 

15 

2.048 

0.667 

44 

32.56 

-  t _ 

1 

...  33  .. 

2.8o7 

0.881 

25. 

30.72 

lAeans 

«. 

2S.67 

— 

— 

36.17 

§/  34^33 

1 

2 

22 

2.550 

0.910 

41 

35.68 

2 

2 

27 

3.520 

1.159 

43 

32.92 

3 

■-> 

4 

33 

3.431 

i.v^2 

33 

31.  3 

4 

2 

20 

1.323 

0.44c 

22 

\3.71 

5 

2 

23 

2.04c 

0.772 

34 

37.73 

0 

_ A _ 

17 

...  U816  _ 

0.661 

Means 

23.67 

35^33 

:  34.83 

^Deterniined  frcsii  rounded  values. 

Statistical  analysts  oi  the  data  in  Table  11  indicate  tliat  sa^'o  pondweed 
tuber  production  was  influenced  by  solvent  treatrent  "c  the  extent 
indicated  by  tlie  foliowini;: 

a.  Tlie  irpean  number  of  tubers  produced  by  die  untreated  plants  was 
greater  than  one  treatment  (Pe  =  0.80)  and  tao  treatinents  (P  =  0.05). 
Ore  treatment  tuber  number  was  not  significantly  different  fron,  two 
treatments  (P  0.50,  IT  >  2T). 

b.  A  reduction  in  the  averat:e  dry  weight  per  tuber  occurred  between 
treated  and  untreated  plants  (P  «  0.80  that  check  >  IT  and  F  *  0.90 
that  check  >  2T).  Mean  dry  weights  did  not  significantly  differ 
between  treatments. 


*P  -  Probability. 
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Table  12 


EFFECTS  OF  AROMATIC  SCLVE.Vr  TKEAIMENTS  ON  AMERICAN  PONDWEED  WINTERBUD 


Replication 
No,  (pot) 
or  sample 

Treatment 

No.  of 
buds 

pioduced/ 

sao^^le 

Total  fresh 
weight  of 
buds/ 
sample, 
grams 

Tota2  oven 
^ry  weight 
of  buds/ 
sample, 
grams 

Meaii  dry 
weight/ 
bud 

milligrams^ 

Percent 
dry  weight 
of  buds 

1 

Check 

74 

U.363 

5.159 

70 

36 

2 

Check 

35 

8.142 

2.875 

82 

35 

Check 

49 

10.155 

3.620 

74 

36 

4 

Check 

56 

12.248 

4.398 

79 

36 

5 

Giieck 

62 

12.744 

4.381 

71 

34 

6 

dieck 

25 

6.251 

2.119  _ 

_ 

Means 

50.17 

a/  76.83 

wmsm 

1 

1 

19 

.740 

1.345 

71 

36 

2 

1 

26 

6.022 

2.191 

84 

36 

3 

1 

14 

l."?4 

0.458 

33 

31 

4 

1 

27 

4.  >17 

1.510 

56 

33 

5 

1 

37 

5.259 

1.788 

48 

34 

6 

1  .  . 

37 

7.100 

2.633  . 

71 

.  ^  ,  3.7  .. 

Means 

26.67 

— 

5/  ^.50 

a/  34.50 

1 

2 

18 

3.703 

1.180 

66 

32 

2 

2 

30 

4.384 

1.405 

47 

32 

3 

2 

33 

6.002 

61 

34 

4 

2 

->4 

6.588 

2.266 

67 

34 

5 

2 

17 

3.787 

1.233 

73 

33 

6 

2_  . 

.  32  _ 

5.745 

L  2.019 

63 

35 

Means 

27.33 

• 

62.83 

§/  33,33 

{^Determined  from  rounded  values. 

c.  The  average  percent  dry  weight  per  tuber  shows  that  untreated 
plants  differed  significantly  from  all  treated  plants  (P  *  0.99), 
but  only  slight  variations  occxirred  between  one  and  two  treatments. 

Interpretation  of  data  in  Table  12  on  production  of  American  pondweed 
wlnterbuds  is  as  follows. 

a.  Untreated  plants  produced  a  greater  mean  number  of  wlnterbuds 
than  treated  plants  (P  *  0.98).  There  were  no  significant  differences 
in  wlnterbud  mean  numbers  between  one  and  two  treatments. 
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b.  Average  dry  weight  ^er  winterbud  was  significantly  greater  witi. 
untreated  plants  as  coiTt-ared  to  treated  plants  (P  =  0.93,  checks  IT, 
and  P  =  0.99,  cnecks  >  21).  No  significaj.t  differences  occurred 
between  the  two  treatn.ents. 

c.  Tne  average  percent  dr^.  wei^i-t  -)f  winterbuds  did  not  greatly' 

differ  between  untreated  plants  and  one  treatn.ent  (P  =  0.30,  cx.eck  >  IT), 
whereas  untreated  cnecks  were  significantly  different  fron,  tne  second 
treatment  (P  =  0.98,  ci.eck  >  2T).  Tx.ere  were  sooe  differences  in 
mean  percent  dry  weig..t  of  winterbuds  between  treatnents  (P  =  0.70, 

IT  >  2T). 

The  results  of  t..e  second  test  series  tnat  furtner  evaluated  tx.e  influence 
of  solvent  treatitents  on  sago  ]. oxidweed  tuber  px.xiuction  are  tabulated  in 
Table  13.  Analyses  of  tx.e  results  of  ti.is  test,  wi.ic;.  include  a  tx-.ird 
treatment  in  txie  series,  are  as  follows: 

a.  Again  tx.e  mean  number  of  tubers  produced  by  untreated  plants 

exceeds  ti.at  produced  by  tnose  treated  (F  =  0.99).  ^  greater  mean 

nxutber  of  tubers  was  produced  under  conditions  of  one  treatn.ent  tnan 
under  two  treatments  (P  =  0.95,  IT  21).  A  considerable  decrease 

in  level  of  significance  was  exxlbited  between  one  treatm-ent  and  t.iree 
treatments  (P  =  0.50,  IT  >  3T).  Tuber  number  production  was  greater 
at  tne  tx^ee-treatoent  level  tx.an  two  treatments. 

b.  Average  dry  weig..t  of  tubers  produced  by  untreated  plants  was 
greater  than  all  treated  plants  (P  =  0.99).  Mean  tuber  dry  weights 
of  one  treatment  were  significantly  greater  tx^an  tnose  treated  twice 
(P  =  0.95,  IT  >  2T),  but  werf^*  less  significant  tnaa.  tnose  treated 
three  times  (P  =  0.50,  IT  >  3T).  As  with  tuber  nuUiber,  average 
dry  weigxit  of  Uaree  treatments  was  greater  tx^an  two  treatments. 

c.  Tr.e  average  percent  dry  weignt  per  tuber  indicates  tnat  untreated 
plants  differ  from  treated  plants  (P  =  0.90,  cx.eck  '>  IT  and  3T  and 

P  =  0,50,  clxeck  >  2T) .  Mean  percent  dry  weit-  t  of  tubers  differed 
significantly/  between  treatments  (P  =  0,99,  IT  >  2T  and  P  =  0.95, 

IT  >  3T).  Again  the  percent  dry  weight  of  ti.ree  treatment  tubers 
exceeded  tnose  under  two  treatments. 
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Table  13 


EFFECTS  OF  ARCMATIC  SOL^TOT  ON  SACK)  PONDWEED  TUBER  PRODUCTION, 
_ TEST  SERIES  2 _ 


Replication 
No.  (pot) 
or  sample 

Treatment 

No.  of 
tubers 
produced/ 
sample 

Total  fresh: Total  oven 
weight  of  :dry  weight 
tubers/  :of  tubers/ 
sample,  ;  samples, 
grams  :  grams 

Mean  di^ 
weight/ 
tuber, 

milligram sS/ 

Percent 
dry  weight 
of  tubers 

1 

Check 

124 

13.7242  :  5.9364 

48 

39 

2 

Check 

67 

5.6674  :  2.0808 

31 

37 

o 

Check 

68 

10.9498  :  4.5517 

67 

42 

4 

Check 

83 

9.5903  :  3.9920 

48 

42 

5 

Check 

67 

8.65"'4  :  3.7046 

56 

43 

. . 6  _ 

Check 

llJ5 _ 

10.8721..:  4.3157 

32 

40 

lileans 

:  90.66 

9.9102  :  4.0969 

§/  40.5 

1 

1 

:  39 

3.4944  :  1.4711 

38 

42 

2 

1 

:  63 

5.1139  :  1.8590 

30 

36 

3 

i 

.  C  O 

4.8646  :  2.0210 

39 

42 

.  4 

1 

:  _51  _ 

2.3664  :  0.8837 

17 

37 

Means 

:  51.25 

3.9598  :  1.5587 

V  31 

S/  39.25 

1 

2 

;  20 

1.3208  :  0.3365 

17 

26 

2 

2 

:  27 

2.4305  :  0.5796 

22 

24 

3 

2 

:  16 

1.1973  :  0.3827 

25 

33 

4 

2 

:  22 

1.6232  :  0.3714 

17 

23 

5 

2 

:  22 

1.4987  :  0.4350 

20 

29 

6 

2 

:  19 

1.7800  :  0.5106 

27 

29 

7 

2 

:  18 

1.8812  :  0.4500 

25 

24 

8 

2 

:  20 _ 

28 

.  25 

Means 

:  20.50 

1.7464  :  0.4530 

%/  22.62 

^  26.63 

1 

3 

:  32 

2.8170  :  1.1130 

35 

40 

a; 

3 

:  25 

45 

36 

3 

3 

:  52 

3.1699  :  0.9610 

19 

30 

4 

_ 3 _ 

lie _ 

0.8726  :  0.2724 

,  17 

.  31  . 

Means 

:  31.25 

2.4919  :  0.8666 

§/  29.0 

V  34. 2r 

^Determined  from  rounded  values. 
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Table  14  lists  the  results  of  the  second  test  seri«»^  evaluating  Acierican 
pondweed  winterbud  production.  These  results  are  statistically  inter¬ 
preted  as  follows: 

a.  Average  number  of  winterbuds  produced  by  untreated  plants 
was  significantly  greater  than  all  treatments  (P  =  0,99).  A 
greater  mean  nximber  of  winterbuds  developed  in  one-treatment  samples 
than  in  two-  and  three -treatment  samples  (P  =  0.95,  IT  >  2T  and  P  * 
0.99,  IT  >  3T).  Winterbud  production  was  only  slightly  greater 
under  conditions  of  two  treatments  than  three  treatments  (P  =  0.20, 

2T  3T) . 

b.  Mean  winterbud  dry  weights  of  untreated  checks  were  significantly 
different  than  one  and  three  treatments  (P  =  0.95,  check  >  IT  and  3T), 
but  was  less  than  two-treatment  cultures.  One  treatment  mean  dry 
weight  production  was  significantly  greater  than  three -treatment 
cultures  (P  =  0.99,  IT  3T),  but  was  less  than  two  treatments.  Two 
treatments  produced  winterbuds  of  greater  dry  weight  than  those  under 
three  treatments  (P  =  0.95). 

c.  An  inverse  relationship  existed  in  the  average  percent  dry  weight 
of  winterbuds,  where  all  treatments  had  values  greater  than  the 
untreated  checks.  Some  differences  occurred  between  percent  dry 
weight  of  one  treatnient  and  two  treatments  (P  »  0.50,  IT  >  2T)  and 
one  treatment  and  three  treatments  (p  =  0.90,  IT  >-3T).  Average 
percent  dry  weight  of  winterbud  production  under  two  treatments  was 
significantly  greater  than  three  treatments  (P  =  0.90,  *.T  P'^T). 

In  general,  the  results  of  this  laboratory  study  show  that  aroiEatic 
solvents  have  an  influence  on  the  vegetative  propagule  production  of 
these  two  pondweed  species  under  the  conditions  of  this  experiment. 

This  is  especially  evident  when  comparing  treated  and  untreated  plants. 
Initial  tests  indicated  that  additional  solvent  treatments  (beyond  one 
trtatment)  did  not  significantly  change  the  character  of  propag\ile 
prot’uction.  The  second  test  series  illustrated  that  significant 
differences  did  occur  between  the  one-  and  two-treatment  series  in  both 
number  of  propagules  and  dry  weight  production  for  both  species.  The 
addition  of  a  third  treatment  had  no  influence  on  reducing  tuber  and 
winterbud  production,  and  in  certain  instances  propagule  production 
exceeded  that  of  the  two-treatment  series. 

Laboratory  etudies  of  this  type  present  conditions  that  greatly  limit 
the  latitude  of  translating  laboratory  results  to  potential  field 
application.  In  this  experiment  the  relatively  small  size  of  experimental 
layout,  both  in  size  of  plant  clijnes  and  number  of  replications,  would 
influence  confidence  In  the  final  results.  Another  limitation  to  be 
considered  is  the  herbicidal  susceptibility  of  greenhouse  grown  plants, 
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Xa]big..i4. 


EFFECTS  OF  ARCKATIC  SOLVQIT  ON  AMERICAN  P(M>WEED  WINTEHBUD  PRODUCTION, 

_ _ _ TEST  SERIES  2  _ _ 

:  :  i Total  freeh; Total  oven:  : 


Replication: 

No.  (pot)  : Treatment 

or  eaaiple  : 

• 

_ s _ 

No.  of 
buds 

produced/ 

sanffile 

weight  of 
buds/ 
senile, 
grams 

:dry  weight 
:  of  buds/ 

:  sample, 

_ grama _ 

Mean  dry 
weight/bud 
milllgrama^ 

Percent 
dry  weight 
of  buds 

1 

:  Check 

34 

16.2283 

• 

5.2899 

63 

32 

2 

:  Check 

86 

12.8050 

* 

* 

4.0566 

47 

32 

3 

:  Check 

75 

U.0515 

3.4594 

46 

31 

4 

:  Check 

59 

11.3226 

* 

• 

3.9291 

67 

35 

5 

:  Check 

73 

13.8754 

• 

4.4367 

61 

32 

6 

:  Check 

6D 

• 

rnma/um 

68 

38__ 

Ideans 

72.83 

12.9553 

• 

A.2077 

a/  58.67 

i/  33.33 

1 

:  1 

50 

7.6156 

• 

2.8343 

57 

37 

2 

:  1 

31 

5.5569 

• 

• 

1.9924 

64 

36 

3 

:  1 

63 

7.6778 

• 

• 

2.8289 

45 

37 

. 4..., 

,J _ 

■L..S1 

WmSK^ 

2.8248 

U-  .  -Al _ 

Means  : 

:  49.75 

7,1045 

• 

• 

2.6201 

6/  54.25 

:  §/  36.75 

1  . 

:  30 

5.31^ 

• 

* 

1.8424 

61 

:  35 

2  : 

2 

:  33 

4.5942 

• 

1.6354 

50 

36 

3  : 

2 

:  44 

7.2428 

• 

2.3349 

53 

;  32 

4  : 

2_ 

:  27 

5.3257 

• 

_ 74 

_ 38 _ 

Means 

:  33.75 

_  3.6199 

wpfmrmi 

1 

3 

:  22 

2.9601 

• 

• 

1.0164 

46 

34 

2  : 

3 

:  36 

3.5302 

• 

• 

1.0999 

31 

:  31 

3  : 

3 

:  41 

4.3868 

* 

• 

1.5046 

37 

:  34 

4  : 

3 

:  29 

3.6720 

• 

• 

1.1710 

32 

5  : 

3 

:  26 

4.0476 

• 

• 

1.3582 

52 

:  34 

6  : 

3 

:  23 

3.1738 

• 

1.0993 

48 

35 

7  : 

3 

:  43 

4.1570 

• 

• 

1.2904 

30 

:  31 

8 _ L 

3 

:  36 

♦ 

-  A,- 

1.J550 

38  _ 

:  31 

Means 

:  32 

3.7922 

• 

• 

1.2369 

§/  40.25 

:  ^  32.75 

^Determined  from  rounded  valuee. 
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that  required  considerable  reduction  in  herbicidal  concentration  to 
allow  for  a  maxirauni  of  only  three  treatments.  The  long  periods  required 
for  vegetative  regrowth  between  multiple  treatments  would  also  be 
expected  to  have  some  influence  on  vegetative  propagule  production. 

It  was  interesting  to  note  that  in  all  regrowth  apparently 

developed  only  from  rhizjme  meristemati j  tissue  and  not  from  tubers  or 
winterbuds  which  had  never  become  vernalized. 

The  results  of  this  study,  while  not  conclusive,  do  show  some  important 
trends  that  could  have  practical  field  significance.  The  most  interest¬ 
ing  is  that  under  the  conditions  of  these  experiments  sago  and  American 
pondweed  vegetative  propagiale  production  wes  significantly  reduced  by 
arcaiatic  solvent  treatment.  Vegetative  propagule  production  varied 
according  to  number  of  treatments  in  certain  instances.  A  significant 
reduction  in  mean  number  and  mean  dry  weight  per  tuber  and  winterbud 
was  accrued  between  one  treatment  e^d  two  treatments,  but  no  further 
reductions  of  tubers  and  winterbuds  were  evident  with  the  third  treat¬ 
ment.  Further  treatments  beyond  three  were  not  possible  because  of 
limited  amounts  of  vegetative  regrowth. 

Results  obtained  in  these  studies  suggest  that  aromatic  solvents  in 
excess  of  twf^  treatments  will  not  further  decrease  the  iruestation 
potential  of  pondweed  growth  in  the  succeeding  year,  assuming  most  of 
the  plant  growth  develops  from  tubers  and  winterbuds. 

Additional  investigations  under  conditions  of  flowiPig  w&ter  in  an 
outdoor  situation  were  attempted  during  the  past  summer.  Plane  cultures 
did  not  develop  sufficiently  well  for  treatment  and  were  discarded.  The 
study  was  started  late  in  the  growing  season  and  could  be  repeated. 
Further  investigation  is  anticipated. 

Influence  of  Water  Quality  on  the  HerbicldcLI  Effectiveness  of  Acrolein 

The  aquatic  herbicide  acrolein  (Laboratory  No.  816)  was  tested  for 
effectiveness  on  submersed  aquatic  weeds  in  waters  of  varying  alka¬ 
linity  and  high  total  dissolved  solids.  Information  obtained  from  these 
studies  would  be  of  interest  to  field  personnel  in  evaluating  the 
potential  usefulness  of  acrolein  as  an  aquatic  herbicide  in  situations 
where  water  quality  is  highly  variable. 

synthetic  alkrline  waters,  utilized  in  herbicidal  evaluation  tests,  were 
made  with  sodium  bicarbonate.  Concentrations  of  the  bicarbonate  ion 
(HCC^”^)  were  determined  by  standard  titration  methods  (16). 

synthetic  hard  waters  used  In  herbicidal  evaluation  tests  were  made  by 
the  addition  of  various  sa.'  ts  to  tapwater  according  to  recommendations 
made  by  the  Chemistry  Section  of  the  Research  Division.  The  chemical 


components  of  these  synthetic  waters  and  laboratory  tapwater  are  listed 
in  Table  15.  Tapwater  was  used  as  a  comparative  standard  in  all 
herbicidal  test?  evaluating  water  quality  effect  on  plant  response. 

Table  15 

ANALYSES  OF  WATER  USED  IN  HERBICIDAL 
EVALUATION  TESTS  OF  ACROLEIN 


Laboratory  tapwater 


TDS  : 

76,0  ppm 

Ca 

13.0  ppm 

Mg  : 

2.3  ppn 

Na 

2.1  ppm 

K  : 

0.8  ppm 

CC^  : 

0.0  ppo. 

HCO3  : 

28.0  ppm 

SO^ 

21.0  ppm 

Cl 

0.7  ppm 

Total  hardness  : 

expressed  as  CaC03: 

42.0  ppm 

Synthetic  hard  water 

No.  1 

TDS 

668  ppm 

Ca  : 

89.2  ppm 

Mg  : 

20.9  ppm 

Na  : 

59.6  ppm 

K 

3.7  ppm 

HCO3  ; 

34.4  ppm 

SO4  : 

>47.6  ppm 

Cl 

35.5  ppm 

Total  hardness  : 

expressed  as  CaCO^: 

3O8.5  ppm 

Synthetic  hard  water  No.  2 


TDS 

1,115.8  ppm 

Ca 

165.4  ppm 

Mg 

39.3  ppm 

Na 

117.1  ppm 

K 

6.7  ppm 

HCO3 

40.8  ppm 

SO4 

676.2  ppm 

Cl 

70.3  ppm 

Total  hardness 

expressed  as  CaC03 

575.0  ppm 
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Pondveed  species  used  in  the  standing  water  herhlcldal  evaluation  test 
were  potted  cultures  of  sago  pondweed,  Potamotreton  oectlnatus  and 
American  pondweed,  nodosus .  All  plants  were  cultured  and  held  for 
observation  in  tapwater.  Treatment  conditions  consisted  of  treating 
plants  with  three  herbicidal  concentrations  and  contact  periods  in 
waters  varying  in  both  alkalinity  and  total  hardness. 

Plants  were  held  for  a  period  of  2  weeks  and  injury  ratings  obtained 
weekly.  Injury  rating  system  is  based  on  a  0  to  10  scale  as  previously 
described. 

Water  temperatures  during  herbicidal  treatment  and  rinsing  periods  wtsre 
ffiaintained  in  a  range  of  67*  to  70*  F. 

The  results  of  these  studies  are  tabula^ id  according  to  individual  testt 
and  are  reported  as  follows: 


labje^ 


EFFECTS  OF  HICJHLy  ALKALINE  WATERS  ON  THE  HERBICIDAL  ACTIVITY 
OF  TWO  PONDWEED  SPECIES  TREATED  WITH  ACROLEIN 


: Alkalinity  of  water,:  Injury  scale  rating, 
Herbicidal  :  bicarbonate  anion  :mean  of  2  weekly  ratings 


Overall  injurj* 
rating  of  both 
swcies 


Acrolein  : 

10  ppm  : 

6-hour  contact: 
period  : 

28 

84 

284 

• 

• 

» 

• 

« 

« 

• 

• 

• 

• 

6.8  : 

6.5  : 

7.5  : 

5.5  •! 

6.0  : 

6.3  1 

6.2 

6.3 

6.9 

Acrolein  : 

28 

• 

• 

• 

7.5  : 

7.0 

7.3 

25  ppm  : 

84 

• 

• 

7.5  : 

6.5  : 

7.0 

3 -hour  contact: 

• 

* 

period  : 

284 

• 

• 

7.5  : 

^.5  : 

7.0 

Acrolein  : 

28 

• 

• 

« 

• 

7.0  ! 

6.8  : 

6.9 

150  ppm  : 

84 

» 

• 

6.3  : 

7.0  : 

6.7 

30-ainute  con-: 

• 

• 

tact  period  ; 

284 

• 

• 

• 

7.5  : 

7.0  : 

7.3 

Untreated 

• 

• 

• 

• 

checks 

84 

• 

0  : 

0  : 

0 

Untreated 

• 

• 

check 

264 

* 

» 

0  : 

0  : 

0 

« 

• 

• 

wPlanta  bald  in  highly  alkaline  waters  for  2  weeks  during  injury  observation. 
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The  resiilts  of  the  test  on  herbicidal  effectiveness  of  acrolein  in 
highly  alkaline  waters,  shown  in  Table  16,  indicate  no  significant 
difference  in  injury  between  treatments.  There  was  a  slight  decline 
in  overall  herbicidal  activity  at  the  lO-ppm,  6-hour  contact  period 
test.  This  reduced  activity  at  lower  concentrations  of  acrolein  has 
been  previously  noted  in  past  tests  with  this  herbicide. 

Table  17 


EFFECTS  OF  INCREASED  WATER  HARDNESS  ON  THE  HERBICIDAL  ACTIYm 
_ OF  TWO  PONDWEED  SPECIES  TREATED  WITH  ACROLEIN _ 


Total  hardness  of  treat-: 

Injury 

scale  rating. 

Overall  injury 

Herbicidal 

ment 

water  in  ppm. 

mean  of  2 

weekli' 

ratings 

rating  of  both 

treatment 

expressed  as  CaCC^ 

P.  pectinatus 

P. 

nodosus 

species 

Acrolein 

42 

Tapwater 

3.0 

4.3 

n  7 

10  ppm 

6-..  >ur  contact 

308.5 

Water  No.  1 

3.5 

4.3 

3.9 

period 

575.0 

Water  No.  2 

5.0 

4.3 

4.7 

Acrolein 

42 

Tapwater 

6.8 

6.8 

6.8 

25  ppm 

3 -hour  contact 

308.5 

Water  No.  1 

6.5 

7.0 

6.8 

period 

575.0 

Water  No.  2 

6.8 

7.0 

6.9 

A.‘  'lie in 

42 

Tapwater 

6.3 

6.5 

6.4 

150  ppm 

30-t  Inute  c  m- 

308.5 

Water  No.  1 

6.3 

6.8 

6.6 

tact  period 

575.0 

i^ater  No.  2 

6.5 

7.0 

6.8 

Untreated 

check* 

Untreated 

308.5 

Water  No.  1 

■\i 

0 

0 

checK 

575.0 

Water  No.  2 

0 

0 

0 

wPiants  held  in  waters  of  high  total  (CaCO^)  rArdness  for  2  weeks  during 
injury  observation. 

Tne  results  of  tests  on  herbicidal  effectiveness  of  acrolein  in  iiard  waters, 
siK'wn  in  Table  17,  indicate  that  water  hardness  had  no  significant  influ¬ 
ence  on  resultirig  plant  injury.  As  with  the  alkalinity  test  there  was  a 
significant  decline  in  overall  injury  at  the  lO-p^n,  b-hour  contact 
period  test.  This  difference  was  considerably  greater  in  the  latter 


46 


test.  Both  injury  re  tings  should  be  siniilar  in  the  tis^water  treatment. 

The  only  explanation  Uiat  can  be  offered  for  these  differences  was  the 
age  of  tl>fc  plants  in  tiie  separate  tests.  Plants  used  in  the  water 
hardness  test  were  24  days  old  at  treatment  while  those  used  In  the 
alJfallnity  test  were  29  days  old.  Previous  studies  with  aranatic  solvents 
indicate  significant  reductions  in  injury  with  younger  plants. 

The  results  of  these  tests  are  not  conclusive  due  to  limitations  inherent 
in  lali^^ratoiy'  tests,  but  indicate  tiiat  the  herbicidal  activity  of 
acrol?in  is  not  greatly  influenced  by  changes  in  water  alkalinity  vor 
hardness.  A  consideration  that  would  have  to  be  made  in  these  tes\,s  is 
that  the  plants  were  not  cultured  in  the  waters  of  varying  quality.  It 
is  possible  that  this  might  have  some  effect  on  subsequent  herbicidal 
response,  although  various  other  physical  factors  are  expected  to  have 
more  iiifluence  on  the  herbicidal  response  of  plants  to  acrolein  than 
water  quality.  These  conditions  might  best  be  met  in  a  field  situation. 

Comparison  of  Pondweed  Herbicidal  Response  to  Aromatic  Solvents  in 
Flowing  Versus  Standing  Water 

Laboratory  evaluation  of  the  herbicidal  activity  of  aromatic  solvents 
has  always  been  conducted  in  a  flowing  water  situation  rather  than  in 
static  water.  The  flowing  water  situation  was  thought  to  present  a  more 
rigorous  situation  for  evaluating  a  candidate  solvent.  This  hypothesis 
was  based  mainly  on  empirical  observation  and  not  controlled  experimental 
conditions.  In  these  tests  plants  were  always  cultured  under  static 
conditions,  treate  ‘  in  flowiiig  water  and  iield  for  observation  in  standing 
water.  Prior  to  the  fabrication  of  a  larger  model  canal  system  where 
outside  ponded  water  can  be  recirculated  through  a  flume,  a  systematic 
evaluation  of  the  various  ramifications  of  flowing  versus  standing 
water  effects  on  herbicidal  response  could  not  be  evaluated. 

The  model  canal  system  used  for  these  preliminary  studies  was  fabricated 
in  the  laboratories  shop  and  installed  in  one  of  the  greenhouses,  as 
shown  in  Figure  2. 

A  small  pond  outside  of  tiie  greexdiOuse  was  lined  witii  but^l  rubber  and 
filled  wito  tapwater.  Figure  3.  TJ.is  water  source  is  used  as  reservoir 
for  recirculating  water  t;xough  the  model  test  flume. 

The  outdoor  pond  water  can  be  recirculated  trirough  the  test  flume  at  a 
maximum  volume  of  about  1/3  cfs.  Water  temperature  was  monitored 
tx'iToughout  tiiC  study  and  ranged  from  63-70*  F.  The  canal  flume  is  con¬ 
structed  so  as  to  provide  a  few  Inches  of  water  over  tne  plants  in  case 
of  puDQ)  failure,  which  has  been  experienced  on  numerous  occasions  since 
original  construction,  A  number  of  modifications  were  made  in  tlxe 
system  prior  to  a  final  reliable  period  of  operation  during  the  1963 
sunnier  season. 
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Figure  2.  Model  canal  system  utilized  to  recirculate  water  from  a 
small  outdoor  pond  for  detailed  stud:>  of  pondweeds  in  a 
flowing  water  situation. 
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Figure  3.  Snail  outdoor  pond  used  as  a  water  supply  reservoir  for 
reclrctilatlng  water  through  the  nodel  test  flune. 

This  prelinlnary  study  was  designed  to  evaluate  a  siultiple  coaparlson 
of  the  effects  of  flowing  and  standing  water  on  plant  growth  and 
herblcldal  response  to  aromatic  solvent  herbicides.  The  various 
coBpar Isons  made  are  listed  as  follows: 

Standing  later  Culture  Flowing  WkXer  Culture 

Plants  grown  In  20»llter  Plants  grown  in  recirculated 

_ fiSUOSifi _  water  of_jDQdel  canal 


lA-Flowlng  water  treatisent — 

bO-alnute  standing  water  rinse 

2A-Flowing  waier  treatment — 

60-«lnute  flowing  water  rinse 

3A-8taDdlng  water  treatment 

60-aiizmte  flowing  water  rinse 

4A>8tandlng  water  treatment*— 

60-«lnute  standing  water  rinse 


Ifi-Flowing  water  treatment— 

bOHDoinute  standing  water  rinse 

2B>Flowlng  water  treatment— 

bOHolnute  flowing  water  rinse 

3B-8tandlng  water  treatment — 

60-nlxmte  flowing  water  rinse 

4B-Standlng  water  treatment— 

60*«lnute  standing  water  rinse 


All  flowing  water  rinses  were  n:ade  in  the  test  fluine  trat  is  equipped 
with  three  separated  channels,  any  one  of  wi.ich  can  be  set  to  waste 
the  water  carried  in  it.  All  rinse  water  was  wasted  tv  i.revent  con- 
teuiiination  of  the  reservoir  water.  .Standing  water  rinses  were  made  in 
20-liter  plastic  aquaria.  Flowing  water  treatii.ents  were  nade  in  the 
sriialler  recirculating  test  fluirie  used  in  evaluating  aromatic  solvent 
herbicides.  This  equipn.ent  is  described  in  trie  aromatic  solvent  evalua¬ 
tion  section  of  this  report.  Plants  removed  from  an^’  culture  situation 
for  treatment  and  rinsing  were  returned  to  the  sauie  flowing  or  static 
water  condition  for  tne  4-week  period  of  injury  observation. 


A  herbicidai  concentration  of  olX)  ppm  of  x;/lenc,  ^.r.ulsified  with  l-v2 
percent  v/v  of  a  nonionic-anionic  emulsifier  (Laboratory  No.  7?5)  was 
used  in  malcing  all  pondweed  treatments.  Water  temperature  duririg 
treatm'^nt  and  rinse  periods  was  maintained  from  65-70*  F. 


The  two  pondweed  species  included  in  this  study  were  potted  cultures  of 
sago  and  Amerxcan  pondweed.  Soil-filled  4-inch  clay  pots  were  utilized 
to  facilitate  nioveinent  or  the  cultures  through  the  situations  described. 
Replicated  cultures  of  each  species  were  tested  under  the  conditions 
indicated.  The  overedl  test  was  not  replicated  at  this  time  because  of 
the  late  season  start  of  the  experiment.  This  was  due  primarily  to 
mechanical  problems  associated  with  the  equipment  during  the  earl^.'  summer 
season. 


Observational  injury  ratings  are  the  same  as  those  used  in  evaluating 
solvents  for  herbicidai  effect,  as  previously  described.  A  toted  of 
four  weekly  injury  ratings  were  made  following  treatment.  Weekly  injury 
ratings  for  each  species -treatment  ciundition  are  the  means  of  two 
replicated  pots.  Only  the  first  week  injury  rating  on  flowing  water 
plants  was  made  in  the  flowing  situation  because  of  pump  motor  flooding. 
The  remaining  thiee  ratings  were  made  with  plants  held  in  static  water, 

A  number  of  untreated  check  plants  of  each  species  were  grown  under  the 
flowing  and  static  water  conditions  for  observations  and  measurenient  of 
growth  characteristics.  Some  slight  differences  were  noted  among 
cultures.  Mean  measurements  typical  of  plants  grown  in  each  environment 
are  sunmarized  in  Table  18. 


Resulting  weekly  injury  ratings  for  each  species  and  treatment -rinse 
condition  were  plotted  on  coordinated  paper  and  visual  estimates  of 
comparative  relationships  made.  It  was  obvious  tliat  little  differences 
occurred  between  conditions  of  standing  water  versus  fluwing  water  rinse, 
regardless  of  culture,  species  or  culture  condition,  as  seen  in  Figures  4 
and  5.  The  two  rinsing  component  data  were  combined  for  statistical 
comparison?  of  remaining  culture  and  treatment  differences  that  might 
occur.  These  data  »ere  subjected  to  linear  regression  analysis  and 
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individual  regreaiiona  plotted  (Figures  4  and  5)  according  to  culture 
conditions.  Test  for  nonlinear  cooponents  ^ere  not  made  at  this  time 
because  of  tbe  preliminary  nature  of  the  study.  Analyses  of  variance 
were  ccnoputed  between  regressions  of  species^  treatment  condition,  and 
culture  conditions  and  significance  both  to  means  and  slope  were  made. 

The  significance  of  resulting  conparison  of  injury  obtained  under  the 
specified  condition  is  as  follows: 

Figure  4  (Standing  Water  Culture)  illustrates  the  significance  of 
difference?  between  species  with  respect  to  flowing  or  standing  water 
treatment,  American  pondweed  showing  a  significance  of  only  P  >>  0.30 
of  mean  difference  and  P  »  0.50  of  slope  difference  between  two  water 
treatstent  cccdltions.  On  the  other  hard,  sago  pondweed  exhibited  a 
significant  effect  of  water  movement  during  treatment  with  the  analysis 
showing  the  significance  of  P  ■  0.90  that  means  differed  and  P  >  O.SO 
that  slopes  differed.  Mean  injuries  differed  significantly  when  com¬ 
paring  sago  with  American  in  flowing  water  treatments,  P  =  0.70  that 
means  differed,  but  only  P  «  0.20  that  slopes  differed.  Lllcewise,  whcux 
iwiriwg  the  two  species  cosoparlsons  In  standing  water  cxiltures  the  means 
differed  by  a  P  ■  0.99,  but  with  little  significance  in  slope,  P  ■  0.40. 

A  considerable  reduction  in  overal'  Izijury  obtained  by  treatments  when 
plants  were  grown  under  flowing  water  conditions  is  illustrated  in 
FlguTv  y,  except  for  American  pondweed  treated  in  standing  water.  It 
should  be  noted  that  many  American  poKvdweed  plants  developed  rather 
atypical  during  the  study  and  results  would  be  questionable.  Analytical 
cosparisons  between  the  two  culture  conditions  were  not  made  because  of 
the  obvious  significant  differences.  Plants  grown  in  the  flowing  water 
were  quite  heavily  encrusted  with  what  iqppeared  to  be  a  mixture  of 
calcareous  msterlal  and  epiphytic  microorganisms.  This  would  undoubtedly 
Influanoe  the  rate  or  amount  of  absorption  of  the  herbicldal  solvent  and 
subsequently  reduce  injuxy. 

A  breakdown  of  the  slgnlfloanoe  between  flowing  water  anl  static  water 
treatment  injury  for  sago  pondweed  exhibited  significant  difference  of 
Biaan  P  «  0.90  and  slope,  P  ■  0.98.  American  pondweed  also  exhibited 
significant  differences  between  standli^  and  flowing  water  treatment 
with  msana  (P  •  0.99)  that  slopes  differed  less  with  P  •  0.60.  Coaparl- 
SOQS  between  ^Teeies  under  each  treatment  conditions  indioate  little 
algnifloance  in  flowing  water  treatments,  means  P  •  0.20  and  slope 
P  ■  0.60  while  under  standing  water  conditions  of  treatment  a  significant 
mean  difference  occurred,  P  ■  0.98,  slope  0.60. 

In  summarising  it  appears  that  under  the  conditions  of  this  prsllminaxy 
•tu4y,  plants  grown  in  flowing  water  exhibited  a  reduction  In  injury 
to  aromatic  solvent  treatments  as  opposed  to  standing  water  cultures. 

Both  sago  pondweed  and  American  pondweed  ahewed  sosm  reduced  injury 


51 


Table  18 


INJURY 


STANDING  WATER  CULTURE 
FLOWING  WATER  TREATMENT 


SAGO  PONDWtfD  AMERICAN  PONDWEM) 


weeks  weeks 


STANDING  WATER  TREATMENT 


SAGO  PONOWEEO  AMERICAN  PONDWEEO 


WEEKS 


WEEKS 


IGURE  4  -  INJURY  OBTAINED  ON  TWO  PONDWEED  SPECIES 
GROWN  IN  STANDING  WATER  AND  TREATED  WITH 
EMULSIFIED  XYLENE  IN  FLOWING  OR  STANDING 
WATER.  REGRESSIONS  OF  INJURY  ON  WEEKLY 
RATING  PERIODS  ARE  INDICATED  BY  SOlID  LINES. 


INJURY 


Flowing  water  culture 


flowing  water  treatment 


5^0  0  PON  ^  A  e:  t  o 

M  E  W  i  C  A  N  P  0  N  0  *  E  ! 

. 

• 

• 

• 

❖ 

2  5 

4 

12  3  4 

WEEKS 

WEEKS 

br«ND'NG  water  TRlATMENT 


A  M»  i  9 1  c  a  N  r  C  w  f  L  D 


'  4 

WEEKS 


FIGURE  5  -  INJURY  OBTAINED  ON  TWO  PONDWEED  SPECIE 
GROWN  IN  FLC  ING  WATER  AND  TREATED  WITH 
EMULSIFIED  XYLENE  IN  FLOWING  OR  STANDING 
WATER  REGRESSIONS  OF  INJURY  ON  WEEKLY 
RATING  PERIODS  ARE  INDICATED  BY  SOLID  LINES 


wneii  treated  in  flowing  water  as  opposed  to  standing  water  when  cultured 
under  either  water  condition.  i'Yoxr  the  preliicinai:)’  results,  it  appears 
that  treataient  of  pondweeds  >inder  flowing  water  conditions  niignt  be 
justified  in  the  laboratory-  evaluation  of  aroEatic  solvent  rerbicides. 
Also,  it  would  appear  desirable  to  culture  plants  under  flowing;  water 
conditions  for  Uiese  tests,  but  with  the  present  equipment  and 
facilities  it  is  iirpractical .  Effects  of  rinsing  regardless  of  flowing 
water  or  standing  water  do  not  apparently  affect  the  overall  obtainable 
injury.  Previous  unrepoited  laboratory  tests  show  that  adequate  rinsing 
period  irust  follow  a  solvent  treatment  to  obtain  reliable  injury  results. 

Effects  of  Water  Tectierature  and  Hardness  on  Eaxilsion  Stability 

Certain  arocatic  nydrocarbon  solvents  (13)  o-e  used  to  control  submersed 
aquatic  weeds  in  irrigation  waters  having  a  wide  range  of  hardness  and 
temperature.  The  emulsifying  agent  used  in  dispersing  aromatic  solvents 
is  ti.erefore  expected  to  perferm  satisfactorily  under  a  wide  variation 
in  eacn  of  these  two  factors. 

r.-ls  study  was  conducted  to  determine  ti.e  influence  of  water  temperature 
and  hardness  on  emulsion  stability.  Water  tenperatures  of  50,  6C,  70 
ai'.  ’  80*  F  were  selected  to  represent  tne  water  teep  erature  range  exrected 
in  most  irrigation  waters.  Waters  containing  42  and  342  ppn  hard'^j-s 
expressed  as  calcium  carbonate  were  used  for  low  and  i.igo  iiordness 
waters.  For  simplicity  reasons,  the  low  and  hij,,;.  nardnese  eaters  will 
be  referred  to  iie.'eaf>r  as  soft  and  hard  waters,  respectively,  Denver 
tapwater  was  used  fir  eue  i,2  ppm  hardness  water  while  the  3-»2  ppm  hard 
water  was  made  by  adding  calcium  ciiloride  and  mai^ncsium  cnioride  to 
distilled  water. 

The  four  emulsifiers  used  to  evaluate  the  two  factors  represent  hoth 
nonicnlc  and  nonion^c-anion^o  M'»nd  ratcrials.  tAimuers  were  assigned 
to  the  agents  for  identification  purposes.  Eac.h  of  the  naterials  was 
dissolved  in  xylene  to  give  emulsifier  conce.ntrati ons  of  1.0,  1.5  and 
2,0  percent  'v/v  in  the  emulsifiable  concentrate.  Each  or  tlicse  materials 
has  been  evaluated  In  hard  water  previously  and  reported  to  Bureau 
offices  for  their  Infonnation.  Therefore,  the  results  for  hard  water  at 
rocn  teisperature  were  anticipated. 

The  laboratory  test  method  described  l.n  Chemical  Engineering  Laboratory 
Report  No,  f-1  (12)  was  used  in  preparing  thie  enultlons  and  determir.ing 
the  resulting  astount  of  cream  layer  and  free  oil.  Ten^ratures  were 
maintained  by  keeping  the  water  and  ccmcentratea  In  a  constant  teTq.^ra~ 
ture  miter  bath  p  rior  to  preparing  the  evulsions  and  U.e  prepared 
esulsions  in  the  bath  during  the  4  hours  while  the  readings  on  amount  of 
cream  and  oil  were  made. 
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Tep'^8  were  ran  in  triplicate  on  eacn  emulsifier  used  at  three  different 
concentrations  in  both  soft  and  hard  water  and  at  four  different  water 
teniperatures.  The  average  amount  of  cream  and  oil  for  eeon  replicated 
test  is  given  in  Table  19. 

Tliese  data  snow  tiiat  there  is  considerable  difference  in  enuisi  Oi 
stability  coong  the  four  emulsifiers,  and  the  emulsion  stability  genersi-iy 
uecreases  with  a  decrease  in  emulsifier  conceniriti  n.  TTie  r.ardnes?  f 
the  water  also  iru'luences  the  stability  of  t.ne  emulsiwos. 

Amount  of  cream:  layer  formed  during  the  d-hour  {.eriod  is  e..:'ri6idered  ti^e 
roost  iirportant  of  the  three  reading  periods.  Ln  figure  b  t;>'  average  for 
each  4“hour  reading  is  plotted  to  siiow  a  cocparison  of  emuifii-.T  stability 
among  emulsifiers,  emulsifier  concentration,  water  temperaturo.-  and  water 
hard’-iess. 

From  the  data  presented,  it  can  be  concluded  tiiat  the  emulsifiers  produce 
greater  emulsion  stability  in  the  hard  water,  and  in  m'St  cases  water 
temperature  does  not  affect  moilsion  stability  to  any  significant  degree. 
Emulsifier  No.  2  in  liard  water  ;it  tlie  1,5-percent  level  is  an  exception 
in  that  it  showed  a  sharp  decline  in  stability  in  50*  water.  Orulsifier 
No.  3  used  at  the  2-percent  level  is  the  onl;,'  material  that  produced 
good  emulsion  stability  in  both  soft  and  hard  water  and  at  all  water 
temperatures. 

In  selecting  emulsifying  agents  used  in  tiiis  study  f  n*  best  performance 
under  certain  conditions  of  water  temperature  and  liai’dnees,  the  west 
results  indicate  the  following: 

1.  Bailsifier  No,  3  at  2  percent  for  a  wide  variation  In  water 
hardness  and  temperature. 

2.  Hiralsifier  No.  2  at  1.5  percent  for  hard  waters  of  the  higher 
temperatures. 

3.  Einulsifler  No.  1  ur  No.  3  at  1.5  percent  for  hard  waters  of  tne 
lower  temperatures. 

Pelletized  Aguatlc  Herbicides 

Herbicides  are  not  normally  fcnrulated  specifically  for  application  to 
aquatic  soils  in  fl-owin^:  water  situations.  These  materials  possess 
certain  phy'slcal  cliaracteristics  such  as  rate  of  dissolution  and  degrada¬ 
tion  that  are  not  optimur  for  extended  effectiveness  wren  used  in 
treatir^  aquatic  s'^ila  of  irrigation  canals. 
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It  is  the  intent  of  this  study  to  investigate  the  potentials  of  incor¬ 
porating  some  of  the  more  active  aquatic  iierbicides  into  a  resinous 
binder  to  prepare  an  aquatic  herbicide  formulation  having  characteris¬ 
tics  more  compatible  with  some  of  the  requirements  believed  recessary 
for  good  perforsarnce  under  field  conditions.  The  principle  of  con¬ 
trolled  release  of  a  toxicant  has  worked  very  well  in  extending  the 
activity  of  algaecides  included  in  antifouling  paints  for  inhibiting 
the  attachment  of  algae  tc  the  surfaces  of  irrigation  structures. 

Limited  work  performed  on  pelletized  herbicide  formulations  has  been  made  in 
an  attempt  to  diqjllcate  the  formulation  principle  used  in  fouling 
prevention  materials. 

The  resinous  binder  used  in  preparing  the  herbicide  pellets  is  a  vinyl 
resin  copolymer  solution,  vinyl  chloride-vinyl  acetate  dissolved  in 
solvents,  and  ia  referred  to  in  Bureau  paint  specifications  as  VR-6  seal 
coat  (17).  Pellets  are  prepared  by  mixing  the  herbicide  into  the  vinyl 
resin  solution  until  the  mixture  reaches  a  thlcX  paste  consistency.  The 
paste  is  transferred  to  a  hypodermic  syringe  and  extruded  in  a  continu¬ 
ous  small  diameter  extrusion  onto  a  glass  surface  for  drying.  The 
air^ried  formulation  is  broken  into  small  pieces  which  are  used  for 
soil  applications.  Percentage  of  active  ingredient  (herbicide)  in  the 
pellets  is  computed  from  the  weight  of  the  ingredients. 

The  pelletized  herbicides  are  evaluated  for  activity  by  treating  soil 
contained  in  6-lnch  flower  pots  which  is  planted  with  sago  poi^weed 
tubers.  A  teat  in  progress  showing  sago  pondweed  growth  from  treated 
and  untreated  soil  is  illustrated  in  Figure  7. 

The  pelletized  material  is  applied  to  the  top  1  inch  of  soil  on  a 
pound-per-ecre  rate  baaed  on  active  ingredient.  Providing  the  herbicide 
treatment  gives  a  complete  kill  of  the  initial  crop  of  pondweed,  the 
water  is  drained  frcm  the  aquaria  and  the  soil  replanted  with  tubers. 

Fresh  tapwater  is  used  to  refill  the  aquaria.  This  procedure  is 
repeated  following  each  cooplete  kill. 

Five  different  pelletized  herbicide  formulatiana  were  Included  in  the 
first  series  of  testa  to  detexmlne  their  activity  in  a  resinous  binder. 

The  herbicides  used  were  acid,  nxsnuron,  fenac  amide,  acid 

plus  sand  and  mcmuron  plus  2,4~0  acid.  The  results  of  this  test  are 
given  in  Table  20, 

All  formulations  gave  cooplete  kill  of  at  least  one  crqp  at  all  rates 
tested.  HanuroQ  and  fenac  produced  two  cooplete  kills  at  the  40-pcund 
rate  and  above.  The  2,4-D  acid  did  not  show  tha  longevity  of  activity 
at  tha  40-pound  rate  as  did  these  two  eoopounds. 
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Figure  7,  A  comparison  of  sago  pondweed  groirth  from  untreated 
soil  on  the  left  and  from  soil  treated  with  herbicide 
pellets  on  the  right. 

Table  20 


EFFECTS  OF  PELLETIZED  HERBICIDES  ON  SAGO  PONDWEED  BY  NOMBER 

■■  Of  gRgP§  ON  KItt,  WAg,  OBTAilffiD _ ^ 

: Rates  of  application  (pounds  per  acre  a.l.) 


Herbicide 


10 


20 


2,4-D  acid  :  1 

1 

1 

Monuron  :  1 

1 

2 

2 

Feriac  amide  :  1 

1 

2 

2,4“D  acid  pli’s  sand  ;  1 

1 

1 

Monuron  and  2,4 -D  acid*:  1 

-  --  -  -  «  -  ■  .  - 
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^Contains  56.1  percent  monuron  and  43.9  percent  2,4-D  on  a.i.  basis. 

In  the  second  series  of  tests,  the  activity  of  pelletized  monuron  was 
coo^ared  with  that  of  tixe  wettable  powder  form  of  monuron  by  the  same 
test  procedure.  Di;qplicate  tests  were  run  on  10-,  20-,  40-  and  30-pound- 
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per-acre  rates  for  both  the  pellets  and  wettable  powder.  Test  results 
are  giver,  in  Table  21. 


Table  21 

abawMMatcanaMMMoM 


TOTAL  NUlftER  OF  CROPS  OF  SAC30  PONDWEED 
ERADICATED  BY  IfMJRON  IN  THE  mfMB 

_ _ Of.  mABtf  _ 


Jkinuron  : 
formulation: 

Test: Rates  of  application  (pounds  per 

acre  a.i.) 

No.: 

10 

• 

.  _a  . 

20 

40 

80 

ffetteble 

1  : 

1 

• 

• 

• 

2 

3 

3 

Powder  : 

2  : 

1 

« 

1 

2 

4 

Pellet  ; 

1  : 

1 

* 

2 

3 

3 

2  : 

1 

« 

• 

- 

3 

4 

• 

» 

» 

The  resinous  binder  did  not  extend  the  period  of  activity  of  the  confound 
at  the  10«po;u)d  rate.  However,  at  the  20-  and  40-pound  rates,  the 
pelletized  siaterlal  showed  a  slight  increase  in  total  niUffiber  of  crops 
killed  over  that  of  the  wettable  powder.  Although  this  would  indicate 
that  the  resin  has  increased  the  total  activity  of  certain  treatments, 
the  data  are  considered  too  limited  for  any  definite  conclusions. 

Additional  studies  are  continuing  to  determine  the  potential  of  using 
this  type  resin  for  preparing  pelletized  materials  of  longer  herblcidal 
activitgr  for  controlling  submersed  aquatic  weeds  on  irrigation  systems. 
The  ratio  of  herbicide  to  the  resin  may  be  an  iaportant  factor  in  the 
controlled  release  of  the  phytotoxicant  that  will  be  given  consideration. 


FIELD  STUDIES 

Prm'iinAnmrv  suTvey  of  Interstit:^al  Oxygen  in  Aauatic  SoUs 

Field  studies  of  the  submersed  aquatic  environment  have  in  certain 
Inatancea  suggacted  a  possible  relationship  between  aquatic  soil  texture 
and  the  degree  of  pondweed  infestations.  There  have  been  some  indica¬ 
tions  that  certain  canal  aoila  containing  high  clay  and  fine  silt 
fraetlona  are  less  densely  Infested  or  completely  lack  rooted  pondweed 
grcmthe.  This  may  be  aloply  due  to  lack  of  the  plants  ability  to 
penetrate  the  more  denae  eubatrate  and  become  eatabliahed.  Although 
little  le  known  about  the  eoil-okygen  requirements  for  pondweed  root 
tones,  it  le  known  to  be  a  necessary  requirement  for  normal  development 
of  the  roots  of  terrestrial  plants.  In  the  cast  of  rooted  equetic 
plenta,  the  otygen  source  would  be  in  e  dissolved  state.  Interstitial 
toil  axygma  bee  not  been  prevlouely  included  in  our  studies  beoeuse  of 
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the  lack  of  a  suitable  sainpllng  and  analytical  technique.  A  recent 
publication  described  a  method  to  rapidly  obtain  water  sables  frcm  the 
interstitial  spaces  of  aquatic  soils  in  undisturbed  natural  sites  (18). 
This  technique  was  explored  during  the  past  summer  in  the  laboratory 
and  at  various  field  sites  and  found  to  provide  reliable  data  on  soil- 
water  oxygen  levels. 

The  equipment  utilized  and  detailed  description  of  samplli^  and  chemical 
analytical  procedures  are  described  in  the  appendix  of  tills  report. 

SollHvater  sac^^les  were  collected  and  analyzed  for  oxygen  content  at 
a  number  of  irrigation  canal  sites  in  northcentral  Colorado  and  the 
Central  Valley  of  California  during  the  past  summer.  Prior  to  field 
work,  the  sampling  techniques  and  microanalytical  procedures  for 
determining  interstitial  oxygen  in  shallow  aquatic  soil  were  evaluated 
in  the  laboratory.  The  reliability  of  the  microanalytical  technique 
for  determining  dissolved  oxygen  was  coopared  with  standard  procedures. 
Some  of  these  data  are  Included  in  the  appendix  with  the  description  of 
the  microtechniques. 

All  field  soil-water  samples  were  collected  in  shallow  aquatic  soil? 
commonly  found  in  irrigation  canal  silt  bars  (not  in  excess  of  6  Inches). 
Normally  in  canals  rooted  pondweed  species  such  as  sago  and  American 
pondweeds  are  found  growing  in  the  shallow  soils.  Our  observatione  have 
generally  indicated  these  plants  to  be  shallow  rooted  in  these  flowing 
water  situations. 

Results  of  field  data  obtained  during  the  summer  of  1963  are  summarized 
in  Tables  22  and  23 . 

Soil-water  oxygen  detenninatious  reported  in  these  tables  are  very  pre- 
liminazy  and  conclusions  regarding  any  significance  to  pondweed  growth 
can  only  be  generally  discussed  at  this  time.  These  determinations 
do,  however,  show  that  the  sampling  device  and  anal^ytical  procedure  are 
useful  and  can  be  utilized  to  make  determinations  of  dissolved  oxygen 
content  of  interstitial  water  in  canal  soils. 

It  was  rather  surprising  to  the  authors  to  find  oxygen  levels  as  high  as 
those  fbund  in  aquatic  soil  depths  tested  (1-3  inches)  in  a  saturated 
silt  her,  where  most  determinations  were  made.  In  a  saturated  soil, 
e^ecially  under  rtatic  water  conditions,  one  might  predict  that  condi¬ 
tions  below  the  soil-water  interface  would  i  e  quite  anaerobic.  These 
determinations  suggest  a  considerable  and  quite  possibly  a  continuous 
exchange  of  soil  water  or  diffusion  of  dissolved  oxygen  with  the  running 
water  of  the  stream,  especially  in  the  less  conpacted  materials. 
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RESULTS  OF  LISSOLVEL  OXYGEN  DETERMINATIONS  IN  CANAL  WATERS  AND  INTERSTITIAL  WATERS  Cff  THE  CANAL  BOTTCil  SOIL 
Sampl'is  Obtained  from  Irrigation  Canals  in  the  Vicinity  of  Fresno,  California, 


tble22— Oantinued 


RESULTS  OF  DISSOLVED  QOCYGEN  DETERIUNATIONS  IN  CANAL  WATERS  AND 
INTIRSTITIAL  WATERS  OF  THE  CANAL  BOTTOM  SOIL 


Saioplet  obtained  from  canals  in  the  vicinity  of  Longmont,  Colorado 
_ _ on  August  30.  1963 


• 

• 

Saapllng  :Repll- 
site  : cation 
;  No. 

:Type  of 

Sanple:  Estimate  :poDd«eed 
type  :of  canal  :  growth 
:80ll  type: in  site 

Depth  of 
soil-eater 
sample  in 
canal  soil 
(inches) 

: Dissolved 
Water  :  oxygen 

temperature,:  content 

*F  :  (ppm) 

• 

S.  Platte  :  1 

•  • 

Water  ;  —  :Ncme 

• 

• 

66  .  7.17 

Supply  :  2 

Water  :  —  :None 

— 

66  :  7.50 

Canal  near:  1 
Canfield,  : 

Soil  : Sandy-  : None 

:  silt  : 

1-1/2 

—  :  1.17 

• 

« 

Colorado  :  1 

• 

• 

Soil  :  Sandy-  :  Nc^e 

:  silt  : 

1  to  1-1/2 

—  :  3.50 

• 

• 

:  1 

• 

• 

Soil  : Sandy-  : None 

:  silt  : 

2  to  2-1/2 

—  :  2.75 

• 

• 

:  1 

Soil  :  Sandy-  :  None 

2  to  3 

—  :  2.33 

• 

:  silt 

• 

S.  Platte  :  1 

Si^jply 

Soil  :  Sandy-  :  Leafy 

silt  ‘pondveed 

1-1/2 

—  :  2.67 

• 

• 

Canal,  l/2;  1 

mile  above: 

Soil  ; Sandy-  : Leafy 

:  silt  :pc»Khreed 

1-1/2 

—  :  3.85 

» 

• 

Canfield,  :  2 

Colorado  : 

Soil  :  Sandy-  :  Leafy 

:  silt  :pondveed 

1-1/2 

—  :  *7.17 

• 

• 

:  1 

• 

• 

Soil  : Sandy-  :  Leafy 

:  silt  :pond«eed 

3 

-  :  1.83 

• 

• 

:  2 

• 

Soil  : Sandy-  :  Leafy 

silt  .-Dondweed 

3 

—  :  1.25 

• 

Boulder-  :  1 

Whlterock  : 

Canal 

• 

Ihiter  :  —  :Sago 

:poQd«eed 

:and 

:algae 

74  :  8.58 

• 

• 

• 

» 

• 

• 

:  1 

• 

• 

• 

• 

Soil  :Sllt  with: Clone  of 
: gravel  : sago 

:pood«eed 

1 

—  :  3.83 

• 

• 

• 

• 

:  1 

« 

• 

• 

• 

Soil  :811t  vlth:ClaDe  of 
: gravel  :aago 

:pond«eed 

2 

:  1.50 

• 

• 

• 

• 

:  1 

• 

• 

• 

• 

• 

Soil  :Sllt-  : Clone  of 

: gravel,  :sago 
: organic  :pondveed 
;material  : 

3-1/2 

—  :  0.0 

• 

• 

• 

• 

• 

• 

•  • 

•  • 

• 

• 
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Table  23— Pont  inued 


San^ling 

site 

Repli¬ 

cation 

No. 

Safliple 

type 

:iype  of 
Estimate  rpondweed 
of  canal  :  growth 
soil  type: in  site 

Depth  of 
soil -water 
sample  in 
canal  soil 
( inches) 

Water 

temperature, 

•f 

Dissolved 

oxygen 

content 

(ppm) 

Leggett 

1 

Water 

Gravel-  : None 

72 

9.67 

ditch  at 
Highway 
U.S.  287 

1 

Soil 

silt,  ; 

shallow 
silt  oars: 
over  coBj-: 
pact  clay: 

Gravel-  : None 

1  to  1-V2 

S.33 

1 

• 

i 

SoU 

• 

silt,  : 

shallow  : 
silt  bars: 
over  coo-: 
pact  clay: 

Gravel-  :Nc(ne 
silt,  : 

shallow 
silt  bars: 
over  COB-: 

pact  clay: 

•  • 

1-1/2  to  2 

» 

*9.67 

»Saa|>Iea  probably  represent  oxygen  content  of  eater  above  soll<^rater  interface 
because  of  soil  dlHurbance  during  sanyllng. 

Since  caac>action  of  aquatic  soils  nay  well  be  associated  with  the  ability 
of  pondeeeds  to  invade  and  develop  in  a  canal,  neasureaect  of  this  factor 
is  desirable.  Exploration  of  oet^xls  to  aeasure  the  cocspaction  or  loose¬ 
ness  of  an  aquatic  soil  eithout  disturbance  has  not  been  attained  by  the 
usual  engineering  or  agricultural  nethods.  Field  data  obtained  to  date 
on  soil-eater  oxygen  indicate  a  possible  trend  of  reduction  in  the  oxygen 
levels  as  the  soils  becooe  finer  and  sore  eoapact.  ibare  large  aaounts 
of  organic  natter  occurred  in  the  silt  oxygen  levels  were  vezy  loe  or  nil. 
Probably  the  nicro-organlsns  deccaposing  this  organic  natter  vers  utilising 
oxygen  at  high  rates.  Further  field  and  laboratory  studjr  vill  be  nade  in 
an  attenpt  to  establish  the  ixg>ortance  of  soil  oxygen  to  groeth  and 
developaent  of  rooted  submersed  aquatic  seeds  that  infest  irrigation  canals. 


65 


ACKNOWU 


ITS 

The  authors  wish  to  acknowledge  assistance  of  Ur.  Victor  Ulyabara, 
Laboratory  Technician  of  the  Agricultural  Research  Service,  assigned  to 
the  Biological  Investigations  Section,  In  conducting  the  many  aspects  of 
the  studies  covered  In  this  report;  Ur.  W.  Batts  for  the  photography; 
and  the  cheodcal  manufacturers  who  siqpplled  the  various  materials  for 
evaluation  teats. 


LITERATIIRZ  CITID 

1.  Prlngahiem,  E.  G.,  "The  SollHsater  Culture  Technique  for  Growing 

Algae,"  from  The  Culturing  of  Algae,  a  sywposlum  presented  by  the 
Phyoologlcal  Society  of  America,  New  York,  New  York,  December  26>31, 
1949. 

2.  Kkmsa,  Robert  ff.,  "Inorganic  Nutrition  of  Algae,"  Chapter  8,  "Algal 

Culture  from  Laboratciy  to  Pilot  Plant,"  Carnegie  Institutlcm  of 
Isahli^r^j  faahlngton,  D.C.,  Publication  600,  1953. 

3.  Qummart,  P.,  U«  1.  Ueffert,  and  H.  Stratmann,  "Nonatarlle  Large 

Scale  Culture  of  Chloralla  in  Greenbouae  and  Open  Air,"  Chapter  11, 
"Algal  Culture  from  Laboratary  to  Pilot  Plant,”  Carnegie  Institution 
of  BUahington,  laahingtoo,  D.C.,  Publication  600,  1953. 

4*  Michllc,  Leonard,  "The  Nutrition  of  Certain  ^;>eeles  of  the  Green  Alga 
Oedof^um,”  American  Journal  of  Botany,  Vol  49,  February  1962, 
p  171^76. 

5.  "Nutrient  Solutions  for  laboratory  Cultare  of  Algat,"  0.8.  Public 

BMlth  Sarwioa,  Robart  A.  Taft  Sanitary  Boglnaarli^  Cantar, 
Cincinnati,  Ghio  (paraonal  nnwminloation). 

6.  ttiitford,  L,  A«,  and  0.  J.  SobuMKhar,  "Bffact  of  Current  on  lOnaral 

t^taka  and  RaspiraUon  by  a  Freah-vatar  Alga,"  Uanology  and 
Oeaanograpby,  Vcd.  6,  19^,  p  423-^. 

7.  Palmer,  C,  Mwin,  and  thnmaa  1.  Mjaanay,  "Prallmlnaty  Sereenli^  for 

Potantial  Algaaeidaa,"  The  Ohio  Journal  of  Sdanoa,  Vol  LV,  No.  1, 
January  1955. 

8.  Mklonay,  Xhomia  I.,  and  C.  Murwin  Palmer,  "Toacieity  of  six  Chemical 

OnNPfwnda  to  Thirty  Culturea  of  Algaa,"  letar  and  Sawage  forka, 
Mofimbar  1956. 


66 


'■/.  Palmer,  C.  Merviii,  ''Evaluation  of  New  Alfeaecides  for  Water  Supply 
Purposes,"  Jour.  A'WWA,  Vol  48,  No.  9,  Septemler  l.<56. 

10.  Fitsgerald,  G.  P.,  and  3.  L.  Faust,  "Factors  Affecting  the  Toxicity 

of  Cox'per  to  Algae  and  Fish,"  Abstract  of  Paper,  Phtycological 
Section  of  the  Botanical  Society  of  A/nerica,  July  lo63. 

11.  "Official  Metliods  of  Analysis  of  the  Association  cf  Official 

Agricultural  CheTiists,"  Eighth  Edition,  Association  of  'Official 
Agricultural  Chemists,  Wasiiington,  D.C,,  1955r 

12.  Bartley,  T.  R.,  "Evaluation  of  Bmilsifiers  for  Use  with  Arocatic 

Solvent  Aquatic  Weed  Killers  and  Test  Method  Used  for  Evaluating 
Err.ulsifiers, "  Chemical  Engineering  Laboratorj'  Report  No.  W-1, 
United  States  Department  of  the  Interior,  Bureau  of  Reclamation, 
Division  of  Engineering  Laboratories,  October  31,  1961. 

13.  Bartley,  T.  R.,  "Physical  and  Chemical  Prop'erties  Indicative  of 

Good  Hydrocarbon  Solvents  for  Aquatic  Weed  Control  in  Irrigation 
Systems, "  Chemical  Engineering  laboratory  Report  No.  SI-17, 

United  States  Departinent  of  the  Interior,  Bureau  of  Reclajtation, 
Division  of  Engiiieering  laboratories,  April  24,  1958. 

14.  Frank,  P.  A.,  N.  E.  Otto,  and  T.  R.  Bartley,  "Teclmiques  for 

Evaluating  Aquatic  Weed  Eferbicides,"  Weeds,  Vol  9,  No.  4, 

October  lv61. 

15.  Sc-unaciier,  F.  X,,  and  R.  A.  Chapuan,  "Sampling  Metl.ods  in 

Forestry  and  Range  Management,"  Bulletin  7,  Revised,  Duke 
University  School  of  Forestry',  June  1^48. 

16.  Rainwater,  F.  H.,  and  L.  L,  Thatcher,  "Geological  Survey  Water- 

Supply/  Paper  1454,”  United  States  Department  of  the  Interior, 
Geological  Survey,  1960. 

17.  Specifications  for  Vin>l-resin  Paint,  VR-6,  United  Otates 

Departiwnt  of  tne  Luterior,  Bureau  of  Reclamation,  July  6,  I9o0. 

18.  Erikseii,  Clyde  H.,  "A  Ueti-od  for  Obtaining  Interstitial  Water  from 

Si.allow  Aquatic  Substrates  and  Determining  the  Dx^.gen  Concentra¬ 
tion,"  Ecology,  Vol  44,  No.  1,  1963. 

19.  Fox,  Munro  H.,  and  C.  A.  Wingfield,  "A  Portable  Apparatus  for  the 

Determination  of  Oxygen  Dissolved  in  a  3Dall  Voluaoe  of  later,  " 
Journal  of  Experimental  Botany,  Vol  15,  1938. 


67 


20,  Hunter,  H.  M. ,  and  W.  J.  Potter,  Jr.,  "Progress  Report — An  Investi¬ 
gation  of  the  Effect  of  Engineering  Structures  Upon  the  Dissolved 
Cocygen  Content  of  Streams  and  Reservoirs, "  Checiical  Letoratory 
Report  No.  CH-103>  United  States  Department  of  the  Interior, 
Bureau  of  ReclanAtion,  Division  of  Engineering  Laboratories, 

April  20,  1961. 


68 


appendix 


69 


APPENDIX 


Ifethods  £pr  Swa)llQ£  wad  Petenalplng  Dlssolveci  Qacygen  Content 
in  Interstitial  Water  of  a  Submerged  Aouatlc  Soli 

Techniques  sunoarized  In  this  appendix  are  those  evaluated  by  personnel 
of  the  Biological  Investigations  Section  for  use  in  the  field  detenuina- 
tion  of  soil-srater  oxygen  in  canal  soils.  Various  sources  of  inforiEa- 
tion  on  techniques  were  obtained  from  the  literature  with  the  sources 
cited  in  the  literature  reference  of  the  report. 

Materials  and  liisthods 

Boulpment  and  Methods  Used  for  Interstitial  Soil-eater  Sampling 

Eriksen  (18)  described  a  water  sao^jling  device  by  which  he  successfully 
sampled  the  soil-water  of  shallow  aquatic  substrates.  This  device  was 
evaluated  in  initial  tests  and  was  found  satisfactory  for  the  less  com¬ 
pact  canal  soils.  When  more  compact  soils  were  encountered,  the  glass 
constructed  device  frequently  broke  so  a  metal  sampler  was  fabricated 
from  brass  tubing.  The  general  dimensions  of  the  unit  described  below 
were  kept  in  building  the  n»etal  model.  This  device  is  illustrated  in 
Figvure  1.  Dimensions  are  not  critical,  as  long  as  the  reseirvuir  volume 
is  equal  to  the  volume  of  the  sample  to  be  analyzed  by  micrcxnethods. 

The  original  sampling  device  was  constructed  by  uaing  a  5 -ml  volumetric 
pipette  with  the  upper  end  of  the  tube  bent  at  a  45 -degree  angle.  The 
intake  tip  was  cut  off  to  increase  the  intake  tube  diameter.  The  tip 
was  fitted  with  a  plastic  nozzle  with  holes  drilled  in  the  side.  The 
holes  were  covered  with  No.  16  bolting  silk  which  was  held  in  place  by 
fine  copper  wire.  The  silk  acts  as  a  filter  preventing  entrance  of 
large  sand  and  debris  particles.  The  plastic  nozzles  used  were  also 
fitted  with  a  rubber  ”0”  ring  to  form  a  tight  seal  over  the  glass 
pipette,  A  short  piece  of  surgical  rubber  tubing,  fitted  with  a  pinch 
clamp,  connected  to  a  le**gth  of  glass  tubing  is  fastened  to  the  other 
end  of  the  reservoir  pipette.  The  tqpper  glass  tube  acts  as  an  air  vent 
and  the  open  end  must  protrude  above  the  water  surface. 

Methods  used  in  obtaining  the  soil-water  sample  were  to  tighten  the  pinch 
clamp  at  the  rubber  connecting  tube,  direct  the  nozzle  upstream  and  pene¬ 
trate  the  substrate  nearly  parallel  to  the  soil  sufficiently  far  to  pre¬ 
vent  surface  water  from  following  up  the  tube  to  the  nozzle  and  contaminating 
the  sample.  Tlie  vent  tube  is  held  above  the  stream  surface  and  the  pinch 
clamp  removed,  A  pressure  difference  is  created  which  forces  the  water 
in  through  the  nozzle  up  through  the  vent  pipe.  When  the  pressure  dif¬ 
ference  has  equalized  and  the  water  level  can  be  seen  in  the  vent  tube, 
the  pinch  clan^)  is  secured  and  the  saopler  removed.  The  water  sample  is 
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Figure  1.  Sainpllng  devices  used  to  obtain  aquatic  soil  interstitl**! 

water  for  dissolved  oxygen  analyses.  The  metal  unit  (A)  is 
constructed  from  brass  tubing  for  rigidity  in  sampl^.ig  in 
compact  soils.  Dimensions  are  similar  to  the  glass  sampler 
(D)  described  in  the  text.  (B)  Surgical  tubing  and  pinch 
clamp  used  to  seal  off  water  in  the  sampler.  (C)  Glass  vent 
tubing. 

thus  contained  in  the  sampler  without  further  exposure  to  the  air.  The 
first  water  to  enter  the  saspler  is  that  contacted  in  the  stream.  This 
stream  water  is  forced  up  above  the  pinch  clamp/  during  sampling  of  the 
soil  water.  The  sanpled  soil  water  is  removed  from  the  $-inl  reservoir 
at  the  rubber  tubing  by  use  of  the  hypodermic  syringe  used  in  the  micro- 
Winkler  chemical  determination. 

EouiLiment  and  Methods  Used  in  the  crn-yi  n|<;]  ttr  pe-^.ermination  of 
Dissolved  QBcvgen 

Reliable  analyses  of  small  water  samples  obtained  by  the  sampling 
described  above  require  a  precise  technique  without  exposing  the  water 
sasple  to  the  atmosphere  until  fixed.  Fox  and  Wingfield  (19)  described 
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a  •uitaltle  tectmlqua  that  was  uaed  Erikaen.  Scate  minor  modificatlooa 
in  reagents  an;!!  equlpuant  were  made  In  our  determinations.  Basically 
the  analytical  method  employed  is  that  used  in  the  Winkler  procedure  for 
dissolved  oxygen  determinatlcQS.  Chemical  Laboratozy  Report  No.  CH-102  (20) 
can  be  referred  to  for  a  comprehensive  description  of  dissolved  oxygen 
determinations  of  canal  waters.  Procedures  for  making  reagents  used  in 
this  analysis  were  for  the  most  part  described  In  this  report. 

Baulpment  required  for  micro-Winkler  analyses 

Krogh-Keyes  syringe  pipette,  fitted  with  a  stazMlard  5-ml  Luer 
hypodermic  syringe  and  a  No.  21  needle.  (This  device  is  Illustrated 
In  Figure  2.) 

ULcroburette,  blue-line,  capacity  10  ml,  with  0.0$ -ml  graduations. 

Miscellaneous  equipment  such  as  a  burette  stand,  $0Hnl  Erlenmeycr 
titration  flasks,  distilled  water  wash  bottle,  containers  for 
fixing  and  titration  reagents,  and  small  beakers  for  filling  the 
syringe  pipette  with  reagents. 

Reagents  for  miom-wtnkler  determinations  of  dissolved  oxygen 

1.  Manganous  sulfate.  Dissolve  72.8  grams  of  JyhS0^*H20  In  distilled 
water,  filter  and  dilute  to  200  ml. 

2.  Alkall-lodide-aslde.  dissolve  100  grams  of  NaOH  and  30  grams  KI 
in  distilled  water  and  dilute  to  200  ml.  To  this  solution,  add 

2  grams  of  NaN^  dissolved  in  8  ml  3f  distilled  water. 

3.  One  percent  solution  of  KI.  Dissolve  2  grams  of  KI  (free  of 
lodate)  in  lOn  to  150  ml  of  distilled  water;  dilute  to  200  ml, 

4.  Standard  sodium  thiosv'fate  stock  solution  (O.IN).  Dissolve 
24.82  grams  of  Na2S203«SH20  boiled  and  cooled  distilled  water 
and  dilute  to  1  liter.  Preserve  by  adding  1  gram  NaOH. 

To  make  O.OOIN  sodium  tiiiosulfate  solution  for  analysis,  use  10  ml 
of  O.IN  solution  diluted  to  1  liter. 

5.  Standard  potassium  biniodate  solution  (0,025N).  Dissolve 
3.249  grams  of  KH(  103)2  in  distilled  water,  dilute  to  1  liter.  MiUce 
up  necessary  O.OOIN  solution  by  dilution. 

Standardisation  of  sodium  thiosulfate  solution.  In  a  50-hiiI  titration 
vesael  add  1  ml  of  1-percent  KI  solution,  2  ml  of  (O.OOIN)  standard 
biniodate  solution,  and  3  drops  concentrated  phosphoric  acid.  Add  a 
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Figure  2,  Krogn-Keyes  syringe  pipette  utilised  in  removing  the  water 
sample  li'om  t^ie  interstitial  water  sampling  device  without 
exposure  to  air  and  introducing  tlie  fixing  reagents  of  the 
micro-Winkler  analyses  for  dissolved  oxygen  in  water.  The 
screw  stop  on  the  syringe  pipette  is  used  to  accxirately 
reproduce  micro  volumes  repeatedly. 

few  milliliters  of  distilled  water  to  increase  volume.  Titrate  to 
a  clear  end  point  with  ±2  ml  of  standardised  (O.OOIN)  thiosulfate 
solution  using  starch  solution  as  indicator.  Sodium  thiosulfate 
solution  is  somewhat  unstable  and  must  be  mace  up  fresh  occasionally. 
The  stazxlard  O.OOIN  solution  should  be  restandardised  prior  to  each 
field  test  series. 
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CalculAte  nonfiillty  of  the  sodluoi  thiosulfate  solution  as  folio* s: 

Normality  *  Calculated  noimallty  of  thiosulfate  solution 

ml  of  blnlodate  solution  x  100 
^  ml  of  thiosulfate  solutlcn  used  x  100 
to  reach  endpoint  In  titration 

Example:  N  •  0.001  x  ^22,  •  o.OOl 

200 

6.  Starch  Indicator.  Prepare  a  thin  paste  of  about  2  grams  of 
sol\xble  starch  In  cold  water.  Pour  into  200  ml  of  boiling  water  and 
boil  for  a  few  minutes.  Cool  and  add  a  few  drops  of  toluene  for 
presezvatlwe. 

7.  Phoq)hairic  acid.  Concentimted  USP  S$  percent  was  found  to  be 
satisfactory.  Standard  Winkler  procedures  use  sulfuric  acid,  tut 
this  acid  will  corrode  the  metal  parts  on  the  pipette  syringe. 

CaUbration  of  the  voluwi  of  the  syringe  pipette  and  dead  space 
in  the  ayrlnae  needle 

Working  volumes  of  the  ayrlnge  pipette  must  be  known  precisely  for 
calculations  of  dissolved  oxygen  reacted.  This  must  be  dosie 
chemically,  because  of  precisioD  required  and  microvolumes  involved. 

1.  jDetemlnatlon  of  total  volume  of  eyringe  barrel  plus  dead  noszle 
(ainriiva  needle)  space.  Add  1  ml  1-percent  n  solution  and  3  drops 
phoephorlc  acid  to  titration  vessel  ml  SrlenDeyer  flask).  Fill 
the  3hb1  Ek^3fh-lisores  syringe  pipette  to  capacity,  approximately  9  ml, 
with  O.OOIN  blnlodate  solution  by  backing  stop  scree  up  until  the 
plunger  contacts  it  at  the  9-ce  volume  index  on  the  nyringe.  Set 
the  locknut  on  the  stop  scree  securely  at  this  point.  Discharge 
blnlodate  solution  into  Utration  vessel  oontainlz«  KI  solution  and 
phosphoric  acid.  Rinse  syringe  barrel  twice  with  distilled  water, 
pulling  a  full  volume  of  water  into  the  nyringe  each  time.  Titrate 
with  standardised  O.OOIN  sodium  thiosulfate  solution  to  a  clear  end 
point,  using  starch  indicator.  Calculate  total  volume  of  syringe 
pipette  as  follows: 

Total  volume  (barrel  ♦  dead  space)  • 

Amount  of  thiomOfate  gf  tion 

used  in  titration  al  of  thloeulfate  solution  used  la  atandardlsa- 

tlon 
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Exao^le: 


Total  volume  of  syringe  =  4.58  ml  x  — — -  *  4.58  x  1  »  4.58  ml 

200 

2,  Determination  of  dead  ^ace  /olume  of  syringe  needle.  Thoroughly 
rinse  needle  with  distilled  vater  by  sucking  water  Into  the  eyrlnge 
and  discharging.  Fill  syringe  needle  with  excess  of  blnlodate  solu¬ 
tion  (O.OOIN)  and  Invert  eyrlnge  and  expel  excess  solution  by  full 
travel  of  syringe  plunger.  Rinse  outside  of  the  needle  with  distilled 
water.  Pick  iqp  blonlodate  solution  contained  Li  needle  by  pulling  a 
few  milliliters  of  distilled  water  Into  the  eyrlnge.  Discharge  this 
Into  a  vessel  and  titrate  as  before. 

Calculate  dead  space  volume  of  syringe  needle  as  follows: 


ml  of  blnlodate  solution 
Dead  space  volume  ,  Amount  of  thiosulfate  used  In  standardisation 
of  needle  used  in  titration  *  ml  of  thiosulfate  solution 

used  in  standardization 


Example: 

200 

Dead  Q>ace  volume  »  0.15  ml  x  ■  0,15  x  1  -  0.15  ml 

Volume  of  syringe  Total  volume  of  syringe  (barrel  dead  q;>ace) 

used  In  determining  •  minus  volume  of  dead  space  in  needle 
dissolved  oxygen 
content 

Example:  4.58-0.14  *  4.43  ml  (working  volume  of  syringe) 

Procedural  for  Deteralnatlon  of  PlasolYed  Qacyaen  Confined  In 

Tp^rstl^l^  fci|er  or 

1.  Add  lloSO/  solution  by  pullixig  an  excess  into  the  syringe  pipette. 

Invert  and  discharge  the  excess.  Rinse  outside  of  needle  with  distilled 
water,  (this  amount  will  be  that  volume  previously  determined  as  the 
dead  space  In  the  pipette  syringe.) 

2.  Pick  UP  the  water  to  be  analysed  for  diaeolved  oxygen  content  by 
carefully  Ineerting  the  ayringe  needle  into  the  rubber  tubing  of  the 
water  aeq;>ler.  later  muet  be  obtained  below  the  pinch  cle^;>.  Strmn 
water  can  also  be  eeeily  analysed  by  thie  technique  utilising  the 
eoll-4reter  aaa|>ler.  Care  muet  be  exercieed  in  pi^liy  water  into  the 
syringe  eo  not  to  Introduce  air  bubbles.  Move  eyringe  plunger  until 

it  cootacte  the  atop  eerew  at  the  predetemined  end  aet  volume  of  t?  ml. 
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3.  ilkmline  KI-«slde  ■olutlan  is  next  drtnn  into  the  ii/ringe  liy  becking 
off  the  seres  stop  one  turn  from  the  ml  set  position.  This  volume 
should  be  equal  to  about  twice  the  volume  of  the  dead  q>ace.  (This 

was  determined  by  the  same  procedures  previously  described  for  calibration 
of  the  dead  q>aee  volume  of  eyringe.) 

4.  Ibe  syringe  pipette  is  shaken  a  few  times  until  the  precipitate  of 
manganous  hydroxide  is  evenly  distributed  throughout  the  ayringe.  The 
pipette  is  aliased  to  lay  on  its  side  for  about  3  minutes  for  cosplete 
absorption  of  dissolved  orygen  by  the  precipitate.  It  was  found  that 
the  needle  must  be  plugged  during  the  various  fixing  procedures  to 
prevent  leakage  of  the  reaction  ooeponents  and  the  saaple.  Insertion 
of  the  needle  into  the  sail  of  surgical  tubing  worked  sell. 

The  stop  screw  is  backed  off  an  additional  three  turns  after  further 
mild  agitation  of  the  syringe.  Phosphoric  acid  is  drawn  into  the  syringe 
until  the  plunger  contacts  the  stop  screw.  The  unit  is  shaken  by  a 
rocking  notion  \intil  all  of  the  milky  white  precipitate  has  dissolved 
and  iodine  is  liberated.  This  solution  is  then  cxscharged  into  a 
$0-ml  SrlenmiQer  flask  for  titration  of  Iodine.  A  few  milliliters  of 
distilled  water  are  added  to  increase  volume  prior  to  4-5  drops  of 
the  starch  indicator. 

6.  Titrate  this  unknown  (using  the  10-al  blue-line  burette)  with 
standardised  iO.OOlN  sodium  thiosulfate  to  a  clear  end  point.  It  has 
been  found  that  the  solution  is  light  straw  color  at  the  start  of  the 
titration  procedure  so  the  starch  indicator  must  be  added  at  the  start. 
Qhlike  normal  titrations  of  liberated  iodine  by  thiosulfate  methods 
where  the  starch  Indicator  is  added  when  the  titration  nears  the  end 
point. 


Calculate  diseolved  oxygen  content  of  water  sssple  as  follows: 

Oiseolved  oxygen,  ml  of  thiosulfate 

in  parts  per  sdllian  ■  ueed  in  final  x  N  of  thiosulfate  solution  x  8  x  1000 

(PP«)  _ _ _ 

Working  volume  of  the  qrrlx^e 
pipette  as  determined 


Ixasple: 


4.38mIxO.QQIMxa^xIQQQ  .  7.91  ppm  of  dissolved  o“ygen 
4.43  ml 

MLeroanalytioal  techniques  are  often  unreliable  and  difficult  to  obtain 
rei^xslucible  reeulte.  To  aecartain  the  reliability  of  the  nioro-Winkler 
technique  and  aa&lpulations  by  the  investigators,  water  aeqples  were 
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slmultaLneouBly  analyzed  by  both  the  micro  and  the  usual  standard 
Winkler  procedure  for  dissolved  oxygen.  The  standard  Winkler  procedures 
were  followed  as  described  in  Chemical  Laboratory  Report  No.  CH-103 
as  cited  from  Standard  IWethod  for  the  Examination  of  Water  and  Waste 
water  (20). 

Tapwater  was  used  for  a  representative  sample  and  always  contained 
dissolved  oxygen  at  saturation  values,  as  corrected  for  tenp/erature  and 
altitude. 

Results  of  some  of  these  ccmiparatlve  tests  are  given  in  Table  1. 

Table  1 

REPRESENTATIVE  CCMPARISONS  OF  THE  STANDARD  WINKLER  METHOD 
WITH  THE  MICR0>WINXLER  METHOD  IN  THE  ANALTSES 


OF  DISSOLVED  OXYGEN  CONTENT  OF  TAPWATER 


Analysis; 
No.  ; 

Water  tessera- 
ture,  *0 

; Dissolved  oxyeen  content,  ppm 

ICLcro-Winkler 

method 

Standard  Winkler 
method 

1  : 

19 

7.30 

7.48 

2 

19 

7.25 

7.38 

3  : 

18 

7.25 

7.38 

4 

15 

8.30 

8.41 

5  : 

15 

8.32 

8.41 

. -  -*  —  ■  -  --  a  ■  _  _  _  - 

These  representative  comparisons  indicate  that  the  oicro^Winkler 
procedure  is  well  within  the  2-percent  limits  of  the  more  consonly 
used  macro  procedure,  as  indicated  by  previous  investigators  (17)  (18). 


77 


w  *  #4  '  .  a  #  < 


